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STEERING INPUT APPARATUS AND
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

Pursuant to 35 U.S.C. § 119(a), this application claims the
benefit of an earlier filing date and right of priority to Korean

Patent Application No. 10-2016-0002370, filed on Jan. 8,
2016 1 the Korean Intellectual Property Office, the disclo-
sure of which 1s imncorporated herein by reference.

BACKGROUND

1. Field of the Invention
The present mnvention relates to a steering input apparatus

and a vehicle.

2. Description of the Related Art

A vehicle 1s an apparatus that 1s moved 1 a desired
direction by a user riding therein. A typical example of the
vehicle may be an automobile.

Vehicles have been increasingly equipped with various
sensors and electronic devices to provide user convenience.
In particular, various apparatuses for driver convenmience are
under development.

A steering input apparatus 1s included in a vehicle. The
driver provides an 1nput for steering the vehicle through the
steering 1nput apparatus. A typical example of the steering
input apparatus 1s a steering wheel.

A driver may excessively manipulate the steering wheel 1n
a specific situation, thereby invading a neighboring lane or
causing collision with a median barrier, a guardrail, a street
tree, or a streetlight.

SUMMARY

Therelore, the present invention has been made 1n view of
the above problems, and it 1s an object of the present
invention to provide a steering input apparatus capable of
controlling power provided for turning imput through a
steering wheel based on the detected object information and
adjusting a change of manipulation sensitivity to a rotation
input of the steering wheel.

Other objects of the present mvention are to provide a
vehicle including the steering mput apparatus, and a method
ol steering a vehicle.

Objects of the present mvention are not limited to the
alforementioned objects, and other objects of the present
invention which are not mentioned above will become
apparent to those having ordinary skill in the art upon
examination of the following description.

In accordance with an aspect of the present invention, the
above and other objects can be accomplished by the provi-
s1on of a steering mput apparatus including a power provi-
sion unit for providing power to a rotation input through a
steering wheel, an interface unit for receiving object infor-
mation indicating an object located in front of or around a
vehicle, and a processor for adjusting a change of manipu-
lation sensitivity to the rotation input of the steering wheel
by controlling the power provision unit based on the object
information.

Other details of embodiments are included in the follow-
ing detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating the exterior of a vehicle
according to an embodiment of the present invention;
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FIGS. 2A to 2G are diagrams 1illustrating various
examples of a camera module included in an assistance
apparatus for vehicles according to an embodiment of the
present 1nvention;

FIGS. 3A to 3C are block diagrams 1llustrating a steering,
input apparatus according to an embodiment of the present
invention;

FIG. 3D 1s a flowchart illustrating operation of a steering,
input apparatus according to an embodiment of the present
invention.

FIG. 4 15 a block diagram 1illustrating a vehicle according
to an embodiment of the present invention;

FIG. 5 1s a view 1llustrating a steering input apparatus
according to an embodiment of the present invention;

FIGS. 6 A and 6B are views 1llustrating an operation of
adjusting the manipulation sensitivity to a rotation input of
the steering wheel such that the manipulation sensitivity to
a first-direction rotation input i1s diflerent from a second-
direction rotation input, according to an embodiment of the
present 1nvention;

FIGS. 7A and 7B are views 1llustrating an operation of
adjusting the manipulation sensitivity to a rotation input of
the steering wheel with the steering wheel rotated by a
predetermined rotational displacement such that the manipu-
lation sensitivity to a first-direction rotation iput 1s different
from a second-direction rotation input, according to an
embodiment of the present invention;

FIG. 8 1s a view 1illustrating an operation of adjusting the
mampulation sensitivity of the steering wheel to a rotation
input by dividing the manipulation sensitivity into a plurality
of different levels according to an embodiment of the present
invention;

FIG. 9 1s a view 1illustrating an operation of adjusting
mamipulation sensitivity to a rotation mput of the steering
wheel when a rotational displacement of the steering wheel
increases, according to an embodiment of the present inven-
tion;

FIG. 10 1s a view 1llustrating an operation ol a steering
input apparatus performed when a rotational displacement
according to a rotation mput of the steering wheel 1s greater

than or equal to a reference value, according to an embodi-
ment of the present invention;

FIG. 11 1s a diagram illustrating an operation of receiving
information about a detected object 1n front of a vehicle
according to an embodiment of the present invention;

FIGS. 12 to 15 illustrate an operation of adjusting
mampulation sensitivity to a rotation input of the steering
wheel based on driving lane mmformation according to an
embodiment of the present invention;

FIGS. 16 and 17 illustrate an operation of adjusting the
mampulation sensitivity to a rotation input of the steering
wheel based on wind mformation according to an embodi-
ment of the present mnvention;

FIGS. 18A to 19D 1illustrate an operation of adjusting the
mamipulation sensitivity to a rotation mput of the steering
wheel based on various kinds of object information accord-
ing to an embodiment of the present invention;

FIG. 20 1illustrates an operation of adjusting the manipu-
lation sensitivity to a rotation mput of the steering wheel
based on lane change guide information according to an
embodiment of the present invention;

FIG. 21 1llustrates an operation of adjusting the manipu-
lation sensitivity to a rotation mput of the steering wheel
based on tratlic density information according to an embodi-
ment of the present invention;
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FIG. 22 1s a diagram 1llustrating an operation of receiving,
object information detected around a vehicle according to an
embodiment of the present invention;

FIG. 23 illustrates an operation of adjusting manipulation
sensitivity to a rotation input of the steering wheel based on
information about another vehicle which 1s positioned
behind a user’s vehicle and on a lane neighboring the driving,
lane of the user’s vehicle, according to an embodiment of the
present mvention;

FIGS. 24 to 26 illustrate an operation of adjusting
manipulation sensitivity to rotation mput of the steering
wheel based on driver status information according to an
embodiment of the present ivention;

FI1G. 27 1illustrates an operation of outputting manipula-
tion sensitivity information through an output unit according,
to an embodiment of the present invention; and

FIGS. 28 to 29B illustrate an operation of outputting a
manipulation sensitivity through a manipulation sensitivity
output unit according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated 1n the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts. As used
herein, the suthxes “module” and “unit” are added or
interchangeably used to facilitate preparation of this speci-
fication and are not mtended to suggest unique meanings or
functions. In describing embodiments disclosed in this
specification, a detailed description of relevant well-known
technologies may not be given in order not to obscure the
subject matter of the present invention. In addition, the
accompanying drawings are merely intended to facilitate
understanding of the embodiments disclosed in this speci-
fication and not to restrict the technical spirit of the present
invention. In addition, the accompanying drawings should
be understood as covering all equivalents or substitutions
within the scope of the present invention.

Terms including ordinal numbers such as first, second,
ctc. may be used to explain various elements. However, 1t
will be appreciated that the elements are not limited to such
terms. These terms are merely used to distinguish one
clement from another.

Stating that one constituent 1s “connected” or “linked” to
another should be understood as meaning that the one
constituent may be directly connected or linked to another
constituent or another constituent may be interposed
between the constituents. On the other hand, stating that one
constituent 1s “directly connected” or “directly linked” to
another should be understood as meaming that no other
constituent 1s interposed between the constituents.

As used herein, the singular forms “a”, “an”, and “the” are
intended to include the plural forms as well, unless context
clearly indicates otherwise.

In this specification, terms such as “includes” or “has” are
intended to indicate existence of characteristics, figures,
steps, operations, constituents, components, or combinations
thereol disclosed in the specification. The terms “includes™
or “has” should be understood as not precluding possibility
of existence or addition of one or more other characteristics,
figures, steps, operations, constituents, components, or coms-
binations thereof.
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Vehicles according to embodiments of the present inven-
tion may conceptually include an automobile and a motor-
cycle. Heremaftter, description will be given mainly focusing
on an automobile.

A vehicle according to embodiments of the present inven-
tion may conceptually include a vehicle equipped with an
internal combustion engine as a power source, a hybnd
vehicle equipped with both an engine and an electric motor
as a power source, and an electric vehicle equipped with an
clectric motor as a power source.

The vehicle according to embodiments of the present
invention may be an autonomous vehicle.

In the description, the left side of the vehicle refers to the
lett side with respect to the travel direction of the vehicle and
the right side of the vehicle refers to the right side with
respect to the travel direction of the vehicle.

The term “front™ refers to the forward driving direction of
the vehicle, and the term “rear” refers to a reverse driving
direction of the vehicle.

FIG. 1 shows the exterior of a vehicle according to an
embodiment of the present invention.

Referring to FIG. 1, a vehicle 700 may include wheels
103FR, 103FL, 103RL, . . ., which are rotated by a power
source and a steering mput apparatus 100 for adjusting the
travel direction of the vehicle 700.

The steering mput apparatus 100 may include a steering
wheel. The user may determine the travel direction of the
vehicle 700 using the steering wheel.

A steering input received through the steering input
apparatus 100 may be delivered to steered wheels. The
steering input apparatus 100 may be electrically or mechani-
cally connected to the steered wheels. Preferably, the steered
wheels are front wheels 103FL and 103FR. It 1s also possible
that the front wheels 103FL and 103FR and the rear wheels
103RR all operate as steered wheels.

FIGS. 2A to 2G are views 1llustrating various examples of
a camera module included 1n an assistance apparatus for
vehicles according to an embodiment of the present mven-
tion.

Referring to FIG. 2A, a camera unit 200a may include an

image sensor (e.g., CMOS or CCD), a lens 203, and a light
shield 202 adapted to block a portion of light incident on the
lens 203.

The camera unit 200a may be a structure detachably
attached to the indoor ceiling or windshield of the vehicle
700.

The camera unit 200q may acquire an 1image of surround-
ings of the vehicle. For example, the camera unit 200a may
acquire a vehicle front view 1mage or a vehicle rear view
image. The image acquired through the camera unit 200q
may be transmitted to an image processor 202 (see FIG. 2G).

An 1mage acquired through the mono camera unit 200q
may be referred to as a mono 1mage.

The camera unit 200q 1illustrated 1n FIG. 2A may be
referred to as a mono camera unit or a single camera unit.

Referring to FIG. 2B, a camera unit 2005 may include a
first camera 211a and a second camera 2115. The first
camera 211a may include a first image sensor (e.g., CCD or
CMOS) and a first lens 213a. The second camera 2115 may

include a second 1image sensor (e.g., CCD or CMOS) and a
second lens 2135.

The camera unit 2005 may include a first light shueld 2124
and a second light shield 2125, which serve to block a
portion of light incident on the first lens 213a and the second

lens 2135.
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The camera unit 2006 may be a structure detachably
attached to the indoor ceiling or windshield of the vehicle
700.

The camera unit 20056 may acquire an 1mage ol surround-
ings of the vehicle. For example, the camera unit 2006 may
acquire a vehicle front view 1mage or a vehicle rear view
image. The image acquired through the camera unit 20056
may be transmitted to an 1image processor 202 (see F1G. 2G).

An 1mage acquired through the first camera 211a and the
second camera 2115 may be referred to as a stereo 1mage.

The camera unit 20056 illustrated in FIG. 2B may be
referred to as a stereo camera unit.

Referring to FIG. 2C, a camera unit 200¢c may include a
plurality of cameras 221a, 2215, 221¢ and 2214d.

For example, the left camera 221a may be disposed 1n a
case surrounding the left side-view mirror. The right camera
221c¢ may be disposed i a case surrounding the right
side-view mirror. The front camera 2214 may be disposed 1n
one area of the front bumper. The rear camera 2215 may be
disposed 1n one area of the trunk door.

The cameras 221a, 2215, 221¢ and 221d may be disposed
at the left, back, right and front of the vehicle, respectively.
Each of the cameras 221a, 2215, 221¢ and 2214 may include
an 1mage sensor (e.g., CCD or CMOS) and a lens.

The camera unit 200¢ may acquire images ol surround-
ings of the vehicle. For example, the camera unit 200¢c may
acquire a front view 1mage, a rear view 1mage, a left side
view 1mage and a right side view i1mage of the vehicle.
Images acquired through the camera unit 200c may be
transmitted to the image processor 202 (see FIG. 2G).

The 1mages acquired through the cameras 221a, 2215,
221c¢ and 221d) or an 1image produced by synthesizing the
acquired 1mages may be referred to as an around view
image.

The camera unit 200c¢ illustrated in FIG. 2C may be
referred to as an around view camera unit.

Referring to FIG. 2D, a camera unit 2004 may include a
plurality of cameras 231a, 2315, 231c¢, 231d, 231e,
2317, . . .. The overall exterior of the camera unit 2004 may
have a spherical shape. The cameras 231a, 2315, 231c,
231d, 231e, 231/, . . . , may be disposed at a predetermined
distance from each other to face in different directions.

The camera unit 2004 may be disposed 1n one area of the
body of the vehicle 700. For example, the camera unit 2004
may be disposed on the roof of the vehicle 700.

The camera unit 2004 may acquire an omnidirectional
image ol surroundings of the vehicle 700. The camera unit
2004 may acquire a front view 1mage, a rear view 1mage, a
left side-view 1mage, a right side-view 1mage, a downward
view 1mage, and an upward view 1mage with respect to the
vehicle 700.

Hach of the cameras 231a, 2315, 231c¢, 2314, 231e,
2317, . . ., may include an image sensor (e.g., CCD or
CMOS) and a lens.

The camera umit 2004 may acquire 1mages of surround-
ings of the vehicle. The cameras 231a, 2315, 231c¢, 2314,
231e, 231/, . . . , may acquire 1mages 1 a plurality of
directions. For example, the camera unit 2004 may acquire
a front view 1mage, a rear view 1mage, a left side-view
image, a right side-view 1mage, a downward view image,
and an upward view 1mage of the vehicle 700. The images
acquired through the camera unit 2004 may be transmitted
to the 1image processor 202 (see FIG. 2G).

The 1mages acquired through the cameras 231a, 2315,
231c, 231d, 231e, 231/, . . . , of FIG. 2D or an image
produced by synthesizing the acquired images may be
referred to as an ommnidirectional 1mage.
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The number and positions of the cameras 231a, 2315,
231c, 231d, 231e, 231/, . . . , 1included 1n the camera unit
2004 may be properly determined so as to acquire an
omnidirectional 1image of the surroundings of the vehicle
700. Each of the cameras 231a, 2315, 231c, 231d, 231e,
231/, . .., may be provided with a proper viewing angle such
that an 1mage acquired through each of the cameras can
partially overlap an 1mage acquired through a neighboring
camera.

Referring to FIG. 2E, a camera unit 200e may include a
plurality of cameras 241a, 242a, 242b, 242c, 242d, 242e,
2421, . . . . The exterior of the camera unit 200e may be
formed 1n a disc shape. The cameras 241a, 242a, 242b, 242c,
242d, 242¢, 2421, . . . , may be disposed at a predetermined
distance from each other to face in diflerent directions.

The camera unit 200e may be disposed 1n one area of the
body of the vehicle 700. For example, the camera unit 200e
may be disposed on the roof of the vehicle 700.

The camera unit 200¢ may acquire an omnidirectional
image ol surroundings of the vehicle 700. The camera unit
200e may acquire a front view 1mage, a rear view 1mage, a
left side-view 1mage, a right side-view 1mage, a downward
view 1mage, and an upward view image with respect to the
vehicle 700.

Hach of the cameras 241a, 242a, 24256, 242c, 242d, 242e¢,
2427, . . ., may include an image sensor (e.g., CCD or
CMOS) and a lens.

The camera unit 200e may acquire 1mages ol surround-
ings of the vehicle. The cameras 241a, 242a, 2425, 242c,
242d, 242¢, 242/, . . . , may acquire 1mages in a plurality of
directions. For example, the camera unit 200e may acquire
a front view 1mage, a rear view 1mage, a left side-view
image, a right side-view 1mage, a downward view 1mage,
and an upward view i1mage of the vehicle. The images
acquired through the camera unit 200e may be transmitted to
the 1mage processor 202 (see FIG. 2G).

The images acquired through the cameras 231a, 2315,
231c, 231d, 231e, 2314, . . ., of FIG. 2E or an image
produced by synthesizing the acquired images may be
referred to as an ommnidirectional 1mage.

The number and positions of the cameras 241a, 242a,
2420, 242c, 242d, 242¢, 242f, . . . , included 1n the camera
umt 200¢ may be properly determined so as to acquire an
ommnidirectional 1image of the surroundings of the vehicle
700. For example, a first camera 241a of the cameras 241a,
242a, 242b, 242¢, 242d, 242, 2421, . . . , may acquire an
upward view 1mage of the vehicle 700. In this case, the first
camera 241a 1s preferably a pantoscopic camera. All the
cameras 242a, 242b, 242c, 242d, 242¢, 2421, . . . , except the
first camera 241a may acquire side-view images and a
downward view 1mage of the vehicle 700.

Referring to FIG. 2F, a camera unit 200/ may include a
camera 2352 and a parabolic mirror 251.

The camera unit 200/ may be disposed in one area of the
body of the vehicle 700. For example, the camera unit 200/
may be disposed on the roof of the vehicle 700.

The camera unit 200/ may acquire an omnidirectional
image of surroundings of the vehicle 700. The camera unit
200/ may acquire a front view 1mage, a rear view 1mage, a
left side-view 1mage, a right side-view 1mage, a downward
view 1mage, and an upward view 1mage with respect to the
vehicle 700.

The camera 252 may include an image sensor (e.g., CCD
or CMOS) and a lens. The camera unit 200f may acquire an
image of surroundings of the vehicle. The camera 252 may
acquire an 1mage reflected from the parabolic mirror 251.
The image acquired through the camera 252 may be deliv-
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ered to the 1mage processor 202 (see FIG. 2G) and processed
according to a predetermined image processing algorithm.

The 1mage acquired by the camera 252 of FIG. 2G or an
image obtained by performing image processing on the
acquired 1mage may be referred to as an ommnidirectional
image.

The camera units 200d, 200¢ and 200/ 1llustrated in FIGS.
2D to 2F may be referred to as omnidirectional camera units.

Referring to FI1G. 2G, a camera module 201 may include
camera units 200a, 20056, 200c¢, 2004, 200 and 200/ and the
image processor 202.

The 1mage processor 202 may perform 1mage processing,
on 1mages of surroundings of the vehicle acquired by the
camera units 200q to 200f. The image processor 202 may
perform computer vision-based signal processing on the
images of the surroundings of the vehicle.

The 1mage processor 202 may synthesize a plurality of
images received from the around view camera unit 200¢ of
FIG. 2C. Herein, the plurality of images 1s images received
from a plurality of cameras (cameras 221qa, 2215, 221¢ and
221d of FIG. 2C). The image processor 202 may create an
around view 1mage by synthesizing the images. For
example, the around view 1mage may be a top view 1mage.

The 1image processor 202 may detect at least one object
based on the respective images acquired by the cameras
221a, 221b, 221c and 221d of FIG. 2C. Alternatively, the
image processor 202 may detect at least one object based on
the around view 1mage.

The 1mage processor 202 may synthesize a plurality of
images received from the omnidirectional camera unit 2004
of FIG. 2D. Herein, the plurality of images 1s images
received from the cameras 231a, 23156, 231c, 2314, 231e,
231/, . . ., of FIG. 2D.

The 1mage processor 202 may synthesize all 1mages
acquired through the cameras 231qa, 2315, 231c¢, 2314, 231e,
2317, . . ., of FIG. 2D based on feature points detected 1n
parts of the acquired images overlapping each other. For
example, the 1image processor 202 may detect a common
teature point 1n overlapping regions of a first image acquired
by the first camera 231a and a second 1mage acquired by the
second camera 231b. The 1image processor 202 may synthe-
size the first image and the second image based on the
detected feature point. By synthesizing a plurality of images
recetved from the cameras 231q, 2315, 231c, 231d, 231e,
2317, . . ., of FIG. 2D 1n this way, the image processor 202
may create an omnidirectional image.

The 1image processor 202 may detect at least one object
based on the respective images acquired by the cameras
231a, 23156, 231c, 231d, 231e, 2317, . . . , of FIG. 2D.
Alternatively, the 1mage processor 202 may detect at least
one object based on the ommnidirectional 1image.

The 1mage processor 202 may synthesize a plurality of
images received from the ommdirectional camera unit 200e
of FIG. 2E. Herein, the plurality of images may be images
received from the plurality of cameras 241a, 242a, 2425,
242c, 242d, 242e, 242/, . . ., of FIG. 2E.

An 1mage acquired by a first camera (the camera 241a of

FIG. 2E) may partially overlap respective images acquired
by the other cameras (the cameras 242a, 242b, 242¢, 2424,

242¢, 2421, . . ., of FIG. 2E) except the first camera (the
camera 241a of FIG. 2E). The image processor 202 may
synthesize the images based on a predetermined feature
point detected 1n overlapping parts of the images.

Further, the 1images acquired by the cameras 242a, 2425,
242c, 242d, 242¢, 242/, . . ., of FIG. 2E except the first
camera 241a from among the cameras 241a, 242a, 2425,

242¢c, 242d, 242¢, 2421, . . . , may partially overlap each
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other. The 1mage processor 202 may synthesize the 1images
based on a predetermined feature point detected 1n overlap-
ping parts of the images.

The 1mage processor 202 may create an omnidirectional
image by synthesizing the plurality of images received from
the cameras 241a, 242a, 242b, 242c, 242d, 242e, 2421, . . .
, of FIG. 2E.

The 1mage processor 202 may detect at least one object
based on the respective images acquired by the cameras
241a, 242a, 242b, 242c, 242d, 242¢, 2421, . . . . Alterna-
tively, the 1image processor 202 may detect at least one
object based on the ommidirectional 1mage. The vehicle
assistance apparatus 100 may track motion of the detected
object.

The 1mage processor 202 may detect at least one object
based on the respective images acquired by the ommidirec-
tional camera unit 200/. Alternatively, the vehicle assistance
apparatus 100 may detect at least one object based on an
ommnidirectional image. The vehicle assistance apparatus 100
may track motion of the detected object.

The 1mage processor 202 may detect an object from a
surroundings-of-vehicle 1mage. In detecting objects, the
image processor 202 may perform lane detection (LD),
vehicle detection (VD), pedestrian detection (PD), bright-
spot detection (BD), traflic sign recognition (TSR), and road
surface detection, structure detection, and the like.

For example, the image processor 202 may detect at least
one object based on at least one of the intensity, color,
histogram, feature point, shape, spatial position and motion.

The 1image processor 202 may verily the detected object.
The 1mage processor 202 may verily the detected object
using a verification technique such as neural network, sup-
port vector machine (SVM), AdaBoost using Haar-like
teatures, and histograms of oriented gradients (HOG). In this
case, the image processor 202 may perform the verification
operation by comparing the detected object 1n the surround-
ings-of-vehicle image with data stored in the memory 140.

The 1mage processor 202 may track the verified object.
The i1mage processor 202 may calculate motion of the
verified object or motion vectors of the verified object, and
track movement of the object based on the calculated motion
Or motion vectors.

FIGS. 3A to 3C are block diagrams 1llustrating a steering,
input apparatus according to an embodiment of the present
invention.

Referring to FIG. 3A, the steering mput apparatus 100
may include a steering input unit 110, an mterface unit 130,
a memory 140, a power provision unit 160, a processor 170,
and a power supply 190.

The steering mput unit 110 may receive steering input.
The steering input unit 110 may include an angular speed
SEeNsor.

For example, when the steering input apparatus 100
includes a steering wheel, the steering mnput unit 110 may
receive first-direction rotation iput and second-direction
rotation 1input. The angular speed sensor may sense steering
speed, steering direction, steering angle and the like accord-
ing to the first-direction or the second-direction rotation
input. The sensed steering speed, steering direction and
steering angle information may be transmitted to the pro-
cessor 170.

The interface unit 130 may receive data from a system, a
unit or an apparatus in the vehicle or transmit a signal
processed or generated by the processor 170. To this end, the
interface unit 130 may perform data communication with the
controller 770, a display apparatus 400 for vehicles, a
sensing unit 760, a vehicle drive unit 750, the camera
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module 201, a DSM system 260 and the like, which are
included 1n the vehicle, through wired or wireless commu-
nication. For example, the interface unit 130 may exchange
data with a system, a unit or an apparatus in the vehicle
through CAN communication.

The nterface unit 130 may receive navigation informa-
tion through commumication with the controller 770, the
display apparatus 400 or a separate navigation apparatus.
Herein, the navigation information may include designated
destination information, route information according to the
destination, map information, and location information
about the vehicle (e.g., GPS information), wherein the map
information and location information are related to traveling
of the vehicle.

The interface unit 130 may receive sensor mmformation
from the controller 770 or the sensing unit 760.

Herein, the sensor information may include at least one of
vehicle direction information, vehicle location information
(GPS mnformation), vehicle orientation information, vehicle
travel speed information, vehicle acceleration information,
vehicle inclination information, vehicle drive/reverse infor-
mation, battery information, fuel information, tire informa-
tion, vehicle lamp information, vehicle interior temperature
information, vehicle interior humidity information, and
information about whether or not it is raining.

The interface unit 130 may receive mformation about an
object 1n front of or around the vehicle.

For example, the interface unit 130 may receive object
information detected 1n a vehicle front view 1image from the
camera module configured to acquire front view 1mages of
the vehicle.

For example, the interface unit 130 may receive the object
information detected in a surroundings-of-vehicle image
from the camera module 201 configured to acquire 1mages
of surroundings of the vehicle.

The object information may include information indicat-
ing whether or not an object 1s present, location information
about the object, mformation about the distance to the
object, and speed information about the object.

The interface unit 130 may receive travel speed informa-
tion about the vehicle 700.

The interface unit 130 may receive position imformation
about the vehicle from the sensing unit 760 or the controller
770.

The interface unit 130 may receive wind direction infor-
mation from the sensing umt 760, the controller 770 or the
camera module 201.

The interface unit 130 may receive lane change informa-
tion corresponding to a construction section from the camera
module 201.

The interface unit 130 may receive driver status informa-
tion from the DSM system 260.

The interface unit 130 may provide a signal to the
controller 770 or the vehicle drive unit 750. Herein, the
signal may be a control signal.

The interface unit 130 may receive turn signal input
information.

The memory 140 1s electrically connected to the processor
170. The memory 730 may store basic data for each unit,
control data for controlling operation of each umt, and
input/output data.

The memory 140 may store various kinds of data for
overall operation of the steering input apparatus 100 includ-
ing a program for processing or control of the processor 170.

The memory 140 may correspond to various storage
devices such as a ROM, RAM, EPROM, flash drive, and

hard drive in terms of hardware. The memory 140 may store
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vartous kinds of data for overall operation of the display
apparatus 100 including a program for processing or control
the processor 170.

According to an embodiment, the memory 140 may be
integrated with the processor 170.

The power provision unit 160 may provide power for
rotation 1nput provided through the steering wheel. The
power may assist i steering manipulation of the steering
wheel.

The power provision unit 160 may include a hydraulic
power provision apparatus, an electrohydraulic power pro-
vision apparatus or a motor-driven power provision appa-
ratus.

The hydraulic power provision apparatus serves to lessen
load caused by manipulation of the steering wheel 1 a
manner that a hydraulic pump operated by a belt connected
to the engine supplies hydraulic pressure to the steering
column to provide power through the supplied hydraulic
pressure. The hydraulic power provision apparatus may be
controlled by the processor 170.

The electrohydraulic power provision apparatus serves to
lessen load caused by manipulation of the steering wheel
without use of the power of the engine but by operating the
hydraulic pump through an independent electric motor to
supply hydraulic pressure to the steering column to provide
power through the supplied hydraulic pressure. The electro-
hydraulic power provision apparatus may be controlled by
the processor 170.

The motor-dnven power provision apparatus serves to
lessen load caused by manipulation of the steering wheel by
driving an electric motor by sensing the direction of rotation
and rotation speed of the steering wheel through a sensor
(e.g., an angular speed sensor) and providing power through
operation of the electric motor. The motor-dniven power
provision apparatus may be controlled by the processor 170.

The processor 170 controls overall operation of each unit
in the steering input apparatus 100.

The processor 170 may receive, through the interface unit
130, information about objects located 1n front of or around
the vehicle.

The object mnformation may include information indicat-
ing whether or not an object 1s present, location information
about the object, information about the distance to the
object, and speed information about the object.

The object may include one of a lane, another vehicle, a
pedestrian, a light, a tratlic sign, a road surface and a
structure.

The processor 170 may control the power provision unit
160 based on the object information to adjust the manipu-
lation sensitivity to rotation input provided through the
steering wheel.

As the power provision unit 1s controlled based on the
object information to change the manipulation sensitivity of
the steering wheel, steering input suitable for a drniving
situation may be realized.

The manipulation sensitivity may be set to fit a user.

When vehicle driving 1s performed 1n a manipulation
sensitivity setting mode, the processor 170 may receive an
extent of a steering wheel rotation mput from the user
through the steering mput unit 110. The processor 170 may
receive the extent to which the steering wheel rotation input
1s applied by the user during straight forward driving or
driving along a curve.

When vehicle driving 1s performed 1n the manipulation
sensitivity setting mode, the processor 170 may receive grip
position information from a grip position sensor 111 (see

FIG. 3B).
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When vehicle driving 1s performed 1n the manipulation
sensitivity setting mode, the processor 170 may receive grip
pressure information from a grip pressure sensor 113 (see
FIG. 3B).

The mampulation sensitivity setting mode may be set
according to 1mtial driving after production of the vehicle
700 or by user input.

The processor 170 may receive the steering wheel rotation
input information, the grip position information or the grip
pressure information. The processor 170 may set a reference
manipulation sensitivity to rotation mput of the steering
wheel based on the steering wheel rotation input informa-
tion, the grip position information or the grip pressure
information. Herein, the reference mampulation sensitivity
may refer to a manipulation sensitivity for driving on a road
in a straight forward driving section at a speed within a
reference range.

The processor 170 may adjust the manipulation sensitiv-
ity such that the manipulation sensitivity of the steering
wheel to first-direction rotation input 1s different from the
manipulation sensitivity of the steering wheel to second-
direction rotation input.

The processor 170 may adjust the manipulation sensitiv-
ity such that the manipulation sensitivity of the steering
wheel to the second-direction rotation mput 1s lower than the
manipulation sensitivity of the steering wheel to the first-
direction rotation input.

For example, the processor 170 may adjust the manipu-
lation sensitivity such that the manipulation sensitivity of the
steering wheel to the second-direction rotation input 1s lower
than the manipulation sensitivity of the steering wheel to the
first-direction rotation mmput with respect to a centerline
dividing the steering wheel mnto left and right halves (ar-
ranged 1n, for example, the width direction of the vehicle).

For example, 1f the second-direction rotation input i1s
received with the steering wheel rotated by a first rotational
displacement in a first direction, the processor 170 may
adjust the manipulation sensitivity such that the manipula-
tion sensitivity to the second-direction rotation input 1s
lower than the manipulation sensitivity to the first-direction
rotation mnput with respect to the first rotational displace-
ment.

The processor 170 may adjust the manipulation sensitiv-
ity of the steering wheel such that the manipulation sensi-
tivity of the steering wheel to the first-direction rotation
mput 1s lower than the manipulation sensitivity of the
steering wheel to the second-direction rotation 1nput.

For example, the processor 170 may adjust the manipu-
lation sensitivity such that the manipulation sensitivity of the
steering wheel to the first-direction rotation 1mput i1s lower
than the manipulation sensitivity of the steering wheel to the
second-direction rotation input with respect to a centerline
dividing the steering wheel into left and right halves (ar-
ranged 1n, for example, the width direction of the vehicle).

For example, 1t the first-direction rotation input 1s
received with the steering wheel rotated by the first rota-
tional displacement 1n a second direction, the processor 170
may adjust the manipulation sensitivity such that the
manipulation sensitivity to the first-direction rotation input
1s lower than the mamipulation sensitivity to the second-
direction rotation input with respect to the first rotational
displacement.

By adjusting the manipulation sensitivity such that the
manipulation sensitivity to leftward rotation mput 1s differ-
ent from that to rightward rotation input as described above,
an mcorrect steering mput may be prevented, and a guide on
safe driving may be provided.
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The processor 170 may adjust the manipulation sensitiv-
ity to rotation input of the steering wheel according to object
information by dividing the manipulation sensitivity into a
plurality of different levels. The levels may be distinguished
from each other based on the degree of stiflness felt by the
user providing steering wheel 1nput.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation mput of the steering wheel
according to the type of the detected object by providing a
plurality of different levels of manipulation sensitivity. For
example, when a first object 1s detected, the processor 170
may adjust the manipulation sensitivity of the steering wheel
to a first level.

For example, the processor 170 may divide the manipu-
lation sensitivity to rotation input of the steering wheel nto
a plurality of levels according to location information about
the detected object. For example, 11 an object 1s located at a
first point with respect to the vehicle 700, the processor 170
may adjust the manipulation sensitivity of the steering wheel
to the first level.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation input of the steering wheel by
dividing the manipulation sensitivity into a plurality of
different levels according to mnformation indicating the dis-
tance to the detected object. For example, 11 the distance to
the object 1s within a first range, the processor 170 may
adjust the manipulation sensitivity of the steering wheel to
a first level.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation input of the steering wheel by
dividing the manipulation sensitivity into a plurality of
different levels according to speed information about the
detected object. For example, if the relative speed of the
object 1s within a first range, the processor 170 may adjust
the steering wheel mamipulation sensitivity to a first level.

As described above, the manipulation sensitivity can be
adjusted according to the object information. Accordingly,
the manipulation sensitivity to mput of the steering wheel
may be properly changed depending on the driving situation.
Thereby, proper manipulation input may be realized.

When the rotational displacement of the steering wheel
increases according to rotation mput provided through the
steering wheel, the processor 170 may lower the manipula-
tion sensitivity to rotation input of the steering wheel.

For example, iI the steering wheel 1s rotated by a first
rotational displacement 1n a first direction of rotation or a
second direction of rotation by rotation input provided
through the steering wheel, the processor 170 may adjust the
mampulation sensitivity of the steering wheel to the first
level.

For example, i1 the steering wheel 1s rotated by a second
rotational displacement in the first direction or the second
direction of rotation by rotation input provided through the
steering wheel, the processor 170 may adjust the manipu-
lation sensitivity of the steering wheel to a second level.

According to an embodiment, the processor 170 may
adjust the manipulation sensitivity of the steering wheel
such that the manmipulation sensitivity of the steering wheel
according to rotational displacement 1n the first direction of
rotation 1s different from the manipulation sensitivity of the
steering wheel according to rotational displacement 1n the
second direction of rotation.

For example, iI the steering wheel 1s rotated by a first
rotational displacement 1n the first direction of rotation by
rotation input provided through the steering wheel, the
processor 170 may adjust the manipulation sensitivity of the
steering wheel to the first level. In addition, 1f the steering
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wheel 1s rotated by the first rotational displacement in the
second direction of rotation by rotation input provided
through the steering wheel, the processor 170 may adjust the
manipulation sensitivity of the steering wheel to the second
level.

Meanwhile, as the rotational displacement of the steering
wheel increases according to rotation input provided through
the steering wheel, the processor 170 may increase the
manipulation sensitivity of the steering wheel.

Adjusting the manipulation sensitivity in diflerent man-
ners according to rotational displacements as described
above may allow the user to recognize an extent to which
rotation input 1s applied and prevent sudden steering input,
thereby preventing an accident.

If the magnitude of rotational displacement of the steering
wheel 1 the first direction 1s greater than or equal to a
reference value, the processor 170 may control the power
provision unit 160 to rotate the steering wheel by a prede-
termined displacement 1n the second direction.

If the magnitude of rotational displacement of the steering
wheel 1n the second direction 1s greater than or equal to a
reference value, the processor 170 may control the power
provision unit 160 such that the steering wheel rotates by a
predetermined displacement 1n the first direction.

By causing the steering wheel to rotate 1n the opposite
direction when the magnitude of the rotational displacement
in one direction 1s greater than or equal to a reference value
as described above, various accidents caused by sudden
steering mput may be prevented.

If the rotational speed of the steering wheel according to
rotation mput 1s greater than or equal to a reference value,
the processor 170 may control the power provision unit 160
to rotate the steering wheel only by a predetermined rota-
tional displacement. Herein, the predetermined rotational
displacement may be referred to as a rotational displacement
limat.

As the rotational displacement limit for the rotational
speed 1s set as described above, various accidents caused by
sudden steering mput may be prevented.

The processor 170 may receive, through the interface unit
130, information about an object detected in front of the
vehicle from the camera module 201 configured to acquire
front view 1mages of the vehicle. Herein, the camera unit
included 1n the camera module 201 may be one of the
camera units 200q to 200/ described above with reference to
FIGS. 2A to 2F.

The processor 170 may control the manipulation sensi-
tivity to rotation mput of the steering wheel based on the
object information.

The processor 170 may receive travel speed information
about the vehicle through the interface unit 130. The pro-
cessor 170 may recerve information about a driving lane
ahead of the vehicle 700 as the object information. The
processor 170 may adjust the manipulation sensitivity to
rotation mput of the steering wheel based on the driving lane
information and travel speed information.

If the driving lane is a straight lane, and the travel speed
1s higher than or equal to a reference speed, the processor
170 may adjust the manipulation sensitivity to rotation input
of the steering wheel according to the travel speed. For
example, 1f the driving lane 1s a straight lane, and the travel
speed 1s higher than or equal to a reference speed, the
processor 170 may adjust the manipulation sensitivity to
rotation input of the steering wheel in proportion to the
travel speed. As the travel speed increases, the processor 170
may lower the manipulation sensitivity to rotation mput of
the steering wheel.
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By adjusting the manipulation sensitivity according to the
travel speed in a manner that the manipulation sensitivity to
rotation inputs provided through the steering wheel 1s low-
ered for high-speed travel as described above, stability of
high-speed driving may be enhanced.

If the dniving lane 1s a curved lane, the processor 170 may
adjust the manipulation sensitivity to rotation mput of the
steering wheel according to the curvature of the curved lane.

The processor 170 may acquire driving lane information
from the image processor 202. Alternatively, the processor
170 may acquire the driving lane information through the
navigation information.

The processor 170 may receive position information
about the vehicle 700 through the interface unit 130. For
example, the processor 170 may receive “oversteer” or
“understeer” status 1nformation about the vehicle 700
through the interface unit 130.

If oversteer occurs during travel of the vehicle 700 along
a curved lane, the processor 170 may adjust the manipula-
tion sensitivity to rotation input of the steering wheel such
that the manipulation sensitivity to rotation mput of the
steering wheel corresponding to a direction 1n which over-
steer occurs becomes lower than the manipulation sensitivity
to rotation 1nput of the steering wheel corresponding to the
opposite direction.

If understeer occurs during travel of the vehicle 700 along
a curved lane, the processor 170 may adjust the manipula-
tion sensitivity to rotation input of the steering wheel such
that the manipulation sensitivity to rotation mput of the
steering wheel corresponding to a direction in which under-
steer occurs becomes lower than the manipulation sensitivity
to rotation 1nput of the steering wheel corresponding to the
opposite direction.

As such, when oversteer or understeer occurs, a steering
input for overcoming the oversteer or understeer may be
induced by adjusting the manipulation sensitivity to rotation
input of the steering wheel.

The processor 170 may receive information indicating a
strong wind section through the interface unit 130.

When the vehicle 700 travels 1n a strong wind section, the
processor 170 may adjust the manipulation sensitivity of the
steering wheel such that the mamipulation sensitivity to
rotation mput of the steering wheel 1s lowered from the
mampulation sensitivity of the steering wheel provided on
the road which 1s not 1n the strong wind section. For
example, the strong wind section may correspond to a bridge
or a tunnel entrance or exit.

The processor 170 may receive wind direction informa-
tion or wind speed information through the interface umit
130.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mnput of the steering wheel such that the
mampulation sensitivity to rotation mput of the steering
wheel corresponding to the windward side of the vehicle
becomes lower than the manipulation sensitivity to rotation
input of the steering wheel corresponding to the opposite
side of the vehicle.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation nput of the steering wheel based on the wind
speed. For example, the processor 170 may decrease the
mampulation sensitivity to rotation mput of the steering
wheel as the wind speed 1ncreases.

By adjusting the mamipulation sensitivity to rotation input
of the steering wheel according to wind strength, wind
direction or wind speed, a guide on steering mput may be
provided such that stable driving can be performed despite
the wind.
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The processor 170 may adjust the manipulation sensitiv-
ity to rotation input ol the steering wheel such that the
manipulation sensitivity to rotation mput of the steering
wheel corresponding to a direction in which the vehicle 700
faces an object becomes lower than the manipulation sen-
sitivity to rotation iput of the steering wheel corresponding
to the opposite direction. Herein, the object information may
include location information about a large vehicle, a median,
a guardrail, a street tree, or a streetlight.

By adjusting the manipulation sensitivity of the steering
wheel to leftward and nnghtward rotation iputs as described
above, collision with an object may be avoided.

The processor 170 may further adjust the manipulation
sensitivity to rotation mput of the steering wheel based on
the distance between the vehicle 700 and objects.

As the vehicle 700 approaches an object, the processor
170 may adjust the manipulation sensitivity to rotation input
of the steering wheel such that the manipulation sensitivity
to rotation 1mput of the steering wheel corresponding to the
direction in which the vehicle 700 faces the object is
gradually lowered according to the distance between the
vehicle 700 and the object.

By adjusting the manipulation sensitivity to rotation input
of the steering wheel 1n the atorementioned manner when
the vehicle has a risk of colliding with an object which the
vehicle approaches, a guide on steering input for avoiding
collision with the object may be provided.

It object information 1s received, the processor 170 may
adjust the mampulation sensitivity to input of the steering
wheel mput to a lower level than when the object informa-
tion 1s not received. Herein, the object information may
include information about light infiltrating into the vehicle,
a pothole placed on the driving lane of the vehicle, a slippery
section, or a construction section.

The processor 170 may further adjust the manipulation
sensitivity to rotation mput of the steering wheel based on
the distance between the vehicle 700 and an object.

As the vehicle 700 approaches the object, the processor
170 may adjust the manipulation sensitivity to rotation input
of the steering wheel such that the manipulation sensitivity
1s gradually lowered according to the distance between the
vehicle 700 and the object.

By adjusting the manipulation sensitivity to rotation input
of the steering wheel to maintain straight forward driving
when the vehicle approaches an object which may obstruct
driving, a guide on steering mput for avoiding the object
obstructing the driving may be provided.

The processor 170 may receive lane change guide infor-

mation according to a construction section through the
interface unit 130.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel according to the
lane change guide information such that the mampulation
sensitivity to rotation mput of the steering wheel corre-
sponding to a direction in which the vehicle 1s guided to
change lanes 1s higher than the manipulation sensitivity to
rotation mput of the steering wheel corresponding to the
opposite direction.

By adjusting the manipulation sensitivity to rotation input
of the steering wheel according to lane change information
for a construction section, a guide on steering 1put corre-
sponding to a direction in which lane change needs to be
performed may to be provided.

The processor 170 may adjust the manipulation sensitiv-
ity to steering wheel inputs according to the information. As
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the traflic density increases, the processor 170 may adjust
the manipulation sensitivity to steering wheel mput to a
lower level.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel according to the
number ol detected vehicles. The traflic density may be
numerically expressed by the number of vehicles.

For example, 1f the number of detected vehicles 1s within
a first reference range, the processor 170 may adjust the
mampulation sensitivity to steering wheel mput to a first
level.

By adjusting the manipulation sensitivity to steering
wheel mput according to the traflic density as described
above, a guide on steering inputs for flexibly coping with an
unexpected situation may be provided.

The processor 170 may receive, through the interface unit
130, information about an object detected 1n a surroundings-
of-vehicle image from the camera module 201 configured to
acquire 1mages ol surroundings of the vehicle.

The processor 170 may adjust the manipulation sensitiv-
ity of the steering wheel based on the object information.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel such that the
mampulation sensitivity to rotation mput of the steering
wheel corresponding to a direction in which the vehicle 700
faces another vehicle 1s lower than the manipulation sensi-
tivity to rotation input of the steering wheel corresponding
to the opposite direction. Herein, the object information may

be information about another vehicle which 1s 1n a lane
neighboring the lane of the vehicle 700 and 1s behind the

vehicle 700.

The processor 170 may further adjust the manipulation
sensitivity to rotation input of the steering wheel based on
the distance between the vehicle 700 and an object.

When the vehicle 700 approaches the object, the proces-
sor 170 may gradually lower the manipulation sensitivity of
the steering wheel according to the distance between the
vehicle 700 and the object.

By adjusting the mamipulation sensitivity to rotation input
of the steering wheel when a vehicle traveling behind the
driver’s vehicle 1n a neighboring lane approaches the driv-
er’s vehicle as described above, a guide on steering input for
avoilding collision between the vehicle’s may be provided.

The processor 170 may receive driver status information
through the interface unit 130.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation input of the steering wheel based on the
condition of the driver.

For example, 11 the physical condition of the driver 1s not
good, the processor 170 may increase the manipulation
sensitivity to rotation input of the steering wheel. For
example, if the driver 1s excited, the processor 170 may
lower the manipulation sensitivity to steering wheel 1nput.

The processor 170 may adjust the manipulation sensitiv-
ity to steering wheel mput based on turn signal input
information. For example, 11 an mput of first-direction turn
signal information 1s received, the processor 170 may adjust
the manipulation sensitivity to rotation input of the steering
wheel such that the manipulation sensitivity to rotation input
of the steering wheel corresponding to a second direction 1s
lower than the mampulation sensitivity to rotation mput of
the steering wheel corresponding to the first direction.

Meanwhile, the processor 170 may be implemented using,
at least one of application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
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sors, controllers, micro-controllers, microprocessors, and
clectric units for performing other functions.

The power supply 190 may be controlled by the processor
170 to supply electric power necessary for operation of
respective constituents. In particular, the power supply 190
may receive power from, for example, a battery i the
vehicle.

Referring to FIG. 3B, the steering input apparatus 100
may further include a grip position sensor 111, a grip
pressure sensor 113, and a manipulation sensitivity output
unit 150.

The grip position sensor 111 may sense the grip position
on the steering wheel rim. The grip position may include
both-hand grip information, one-hand grip mformation, grip
area information or grip type information.

The grip position sensor 111 may sense a grip of both
hands, a grip of one hand, a grip area or a grip type of the
user.

The grip position sensor 111 may include at least one
touch sensor. The touch sensor may be disposed in at least
one area ol the steering wheel rim. Preferably, the touch
sensor 1s disposed 1n an area 1n which the user’s hands are
positioned to provide a steering input 1n the region of the rim
of the steering wheel during driving. For example, the touch
sensor may be disposed over the whole region of the steering
wheel nm. In this case, a single touch sensor may be
provided. For example, the touch sensor may include a first
touch sensor disposed over a part of the steering wheel rim
from the upper left end to the lower left end and a second
touch sensor disposed over a part of the steering wheel rim
from the upper right end to the lower right end. For example,
touch sensors may be disposed at the upper right end, upper
left end, lower right end, and lower left end of the steering
wheel rim. In this case, a plurality of touch sensors may be
provided.

A sensing signal generated by the grip position sensor 111
may be delivered to the processor 170.

For example, when one touch sensor 1s disposed over a
whole region of the steering wheel rim, the processor 170
may determine the grip position of the user on the steering
wheel nm according to a part of the touch sensor through
which touch 1s sensed.

For example, when a plurality of sensors 1s disposed on
the steering wheel rim, the processor 170 may determine a
orip of the user on the steering wheel rim according to a
touch sensor through which touch 1s sensed.

The grip position sensor 111 may include a camera.
Herein, the camera may include a lens, an 1mage sensor, and
a processor. The camera may capture an image of the
steering wheel rim and the user’s hands. The camera may
sense the grip position of the user on the steering wheel rim
through 1mage processing.

The grip pressure sensor 113 may sense a grip pressure.
The grip pressure sensor 113 may sense the magnitude of
pressure applied by the user when the user grips the steering,
wheel rm.

The grip pressure sensor 113 may include at least one
pressure sensor. The pressure sensor may be disposed 1n at
least one area of the steering wheel rim. Preferably, the
pressure sensor 1s disposed 1n an area i which the user’s
hands are positioned to provide a steering input 1n the region
of the rim of the steering wheel during driving. For example,
the pressure sensor may be disposed over the whole region
of the steering wheel rnm. In this case, a single pressure
sensor may be provided. For example, the pressure sensor
may include a first pressure sensor disposed over a part of
the steering wheel rim from the upper leit end to the lower

5

10

15

20

25

30

35

40

45

50

55

60

65

18

left end and a second pressure sensor disposed over a part of
the steering wheel rim from the upper right end to the lower
right end. For example, touch sensors may be disposed at the
upper right end, upper lett end, lower right end, and lower
lett end of the steering wheel rnm. In this case, a plurality of
pressure sensors may be provided.

A sensing signal generated by the grip pressure sensor 113
may be delivered to the processor 170.

The grip pressure sensor 130 may sense the grip pressure
of the user in order to store a reference pressure. For
example, when a grip pressure reference setting mode 1s set,
the grip pressure sensor 113 may sense the grip pressure of
the user. In this case, the sensed grip pressure may become
a reference pressure.

The manipulation sensitivity output umt 150 may output
manipulation sensitivity information. The manipulation sen-
sitivity output unit 150 may output manipulation sensitivity
change information.

Meanwhile, the steering input unit 110, the interface unit
130, the memory 140, the power provision unit 160, the
processor 170 and the power supply 190 are configured as
described above with reference to FIG. 3A.

The processor 170 may control the grip position sensor
111, the grip pressure sensor 113 and the manipulation
sensitivity output unit 150.

The processor 170 may receive grip position information
from the grip position sensor 111. The processor 170 may
adjust the manipulation sensitivity to steering wheel 1nput
according to the grip position information.

For example, when one-hand grip information 1s received,
the processor 170 may adjust the manipulation sensitivity to
rotation 1mput of the steering wheel such that the manipu-
lation sensitivity 1s higher than when both-hand grip infor-
mation 1s received.

If the grip area 1s wide, the processor 170 may lower the
mampulation sensitivity to rotation mput of the steering
wheel. If the grip area 1s within a first range, the processor
170 may adjust the mamipulation sensitivity to rotation input
of the steering wheel to a first level.

By adjusting the manipulation sensitivity to input of the
steering wheel according to the grip position as described
above, the driver may be guided to more comfortably
provide steering input.

The processor 170 may receive grip pressure information
from the grip pressure sensor 113. The processor 170 may
adjust the mamipulation sensitivity to steering wheel 1mnput
according to the grip pressure mformation.

For example, 11 the grip pressure 1s high, the processor
may lower the manipulation sensitivity to input of the
steering wheel. I the grip pressure 1s within a first range, the
processor 170 may adjust the manipulation sensitivity to
rotation mput of the steering wheel to the first level.

By adjusting the manipulation sensitivity to input of the
steering wheel according to the grip pressure as described
above, the driver may be guided to more comfortably
provide steering input.

The processor 170 may output the manipulation sensitiv-
ity change information through the manipulation sensitivity
output unit 150.

Referring to FIG. 3C, the steering input apparatus 100
may further include a communication unit 120 and an output
unit 155.

The communication unit 120 may communicate with
other devices 600, 601 and 602. The communication unit
120 may wirelessly exchange data with a mobile terminal
600, a server 601 or another vehicle 602. In particular, the
communication unit 120 may wirelessly exchange data with
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a mobile terminal of the vehicle driver. Applicable wireless
data communication schemes may include Bluetooth, Wi-Fi
Direct, W1-F1, AP1X, and NFC.

The communication unit 120 may receive weather infor-
mation and trathic situation mnformation (e.g., TPEG (Trans-
port Protocol Expert Group)) from the mobile terminal 600
or the server 601. Mecanwhile, the steering 1input apparatus
100 may transmit recognized real-time information to the
mobile terminal 600 or the server 601.

When the user enters the vehicle, the mobile terminal 600
of the user may be paired with the steering mput apparatus
100 automatically or by execution of an application by the
user.

The communication unit 120 may receive tratlic informa-
tion from an external server 601. Herein, the external server
601 may be a server located at a traflic control center that
controls traffic.

For example, the commumication unit 120 may receive
change-of-traflic light information from the external server
601.

The output unit 155 may output an alarm to the user. The
output unit 155 may include a display for outputting a visible
alarm. The output unit 155 may include a speaker for
outputting an audible alarm. The output unit 155 may
include a haptic module for outputting a haptic alarm.
According to an embodiment, the haptic module may be
provided to the steering wheel, a seat or a pedal.

Meanwhile, the steering input unit 110, the interface unit
130, the memory 140, the power provision unit 160, the
processor 170 and the power supply 190 are configured as
described above with reference to FIG. 3A. In addition, the
grip position sensor 111, the grip pressure sensor 113 and the
manipulation sensitivity output unit 150 are configured as
described above with reference to FIG. 3B.

The processor 170 may control the communication unit
120 and the output unit 155.

The processor 170 may generate and transmit informa-
tion, data or a signal to external devices 600, 601 and 602 via
the communication unit 120. For example, the processor 170
may transmit the object information to the external devices
600, 601 and 602. For example, the processor 170 may
transmit information about the manipulation sensitivity to
rotation input of the steering wheel or manipulation sensi-
tivity change information to the external devices 600, 601
and 602.

The processor 170 may generate and output the informa-
tion, data or signals through the output unit 155. For
example, the processor 170 may output the object informa-
tion through the output unit 155. For example, the processor
170 may output the information about the manipulation
sensitivity to rotation input of the steering wheel or manipu-
lation sensitivity change information through the output unit
155.

Each of the constituents described above with reference to
FIGS. 3A to 3C may be selectively omitted according to an
embodiment of the steering input apparatus 100. In addition,
two or more constituents may be combined to construct one
constituent, or one constituent may be divided into two or
more constituents.

FIG. 3D 1s a flowchart 1llustrating operation of a steering
input apparatus according to an embodiment of the present
invention.

Referring to FIG. 3D, the processor 170 may receive
object information (S310).

The processor 170 may receive, through the interface umit
130, information about objects located 1n front of or around
the vehicle.
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The object mnformation may include information indicat-
ing whether or not an object 1s present, location information
about the object, mformation about the distance to the
object, and speed information about the object.

The object may include one of a lane, another vehicle, a
pedestrian, a light, a tratic sign, a road surface and a
structure.

The processor 170 may receive, through the interface unit
130, information about an object detected 1n front of the
vehicle from the camera module 201 configured to acquire
front view 1mages of the vehicle. The camera umt included
in the camera module 201 may be one of the camera units
200a to 200/ described above with reference to FIGS. 2A to
2F.

The processor 170 may receive, through the interface unit
130, information about an object detected 1n a surroundings-
of-vehicle image from the camera module 201 configured to
acquire 1mages ol surroundings of the vehicle.

The processor 170 may control the manipulation sensi-
tivity to rotation nput of the steering wheel based on the
object information (S320).

The processor 170 may control the power provision unit
160 based on the object information to adjust the manipu-
lation sensitivity to rotation input provided through the
steering wheel.

The processor 170 may adjust the manipulation sensitiv-
ity such that the manipulation sensitivity of the steering
wheel to first-direction rotation input i1s different from the
mamipulation sensitivity of the steering wheel to second-
direction rotation input.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel according to object
information by dividing the manipulation sensitivity into a
plurality of different levels. The levels may be distinguished
from each other based on the degree of stiflness felt by the
user providing steering wheel 1nput.

As the rotational displacement of the steering wheel
increases according to rotation mput provided through the
steering wheel, the processor 170 may increase the manipu-
lation sensitivity of the steering wheel.

If the magnitude of rotational displacement of the steering,
wheel 1 the first direction 1s greater than or equal to a
reference value, the processor 170 may control the power
provision unit 160 such that the steering wheel rotates by a
predetermined displacement 1n the second direction.

I information about an object detected 1n a vehicle front
view 1mage 1s received, the processor 170 may receive travel
speed information about the vehicle through the interface
unit 130. The processor 170 may receive information about
a driving lane ahead of the vehicle 700 as the object
information. The processor 170 may adjust the manipulation
sensitivity to rotation mput of the steering wheel based on
the driving lane information and travel speed information.

If a strong wind section 1s detected in the vehicle front
view 1mage, the processor 170 may adjust the manipulation
sensitivity of the steering wheel such that the manipulation
sensitivity to rotation mput of the steering wheel 1s lowered
from the manipulation sensitivity of the steering wheel
provided on a road which 1s not 1n the strong wind section.
For example, the strong wind section may be a bridge or a
tunnel entrance or exit.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel such that the
mampulation sensitivity to rotation mput of the steering
wheel corresponding to a direction in which the vehicle 700
faces an object becomes lower than the manipulation sen-
sitivity to rotation input of the steering wheel corresponding
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to the opposite direction. Herein, the object mformation may
include location information about a large vehicle, a median,
a guardrail, a tree, or a streetlight. In this case, as the vehicle
700 approaches the object, the processor 170 may gradually
lower the manipulation sensitivity to rotation input of the
steering wheel corresponding to the direction 1 which the
vehicle 700 faces the object.

If object information 1s received, the processor 170 may
adjust the mampulation sensitivity to input of the steering
wheel to a lower level than when the object information 1s
not received. Herein, the object information may include
information about light infiltrating the vehicle, a pothole 1n
the driving lane of the vehicle, a slippery section, or a
construction section. In this case, as the vehicle 700
approaches the object, the processor 170 may gradually
lower the manmipulation sensitivity to steering wheel 1nput.

Meanwhile, the processor 170 may receive lane change
information according to a construction section through the
interface unit 130. The processor 170 may adjust the
manipulation sensitivity to rotation mput of the steering
wheel according to the lane change information such that the
manipulation sensitivity to rotation mput of the steering
wheel corresponding to a direction 1 which the vehicle 1s
guided to change lanes 1s higher than the manipulation
sensitivity to rotation input of the steering wheel corre-
sponding to the opposite direction.

The processor 170 may adjust the manipulation sensitiv-
ity to steering wheel 1nput according to the average number
ol vehicles detected 1n each lane.

If object information detected in a surroundings-of-ve-
hicle 1image 1s received, the processor 170 may adjust the
manipulation sensitivity to rotation mput of the steering
wheel such that the manipulation sensitivity to rotation input
of the steering wheel corresponding to a direction 1n which
the vehicle 700 faces another vehicle 1s lower than the
manipulation sensitivity to rotation mput of the steering
wheel corresponding to the opposite direction. Herein, the
object information may be information about another
vehicle which 1s 1n a lane neighboring the lane of the vehicle
700 and 1s behind the vehicle 700.

The processor 170 may output manipulation sensitivity
information through the manipulation sensitivity output unit
150 or the output unit 155 (S330).

FIG. 4 1s a block diagram 1illustrating the vehicle 700
according to an embodiment of the present invention.

Referring to FIG. 4, the vehicle 700 may include a
communication unit 710, an mput unit 720, a sensing unit
760, an output unit 740, a vehicle drive unit 750, a memory
730, an 1nterface unit 780, a controller 770, a power supply
790, a steering input apparatus 100, a DSM (driver status
monitoring) system 260 and a display apparatus 400 for the
vehicle.

The communication unit 710 may include at least one
module enabling wireless communication between the
vehicle 700 and a mobile terminal 600, between the vehicle
700 and an external server 601, or between the vehicle 700
and another vehicle 602. The communication unit 710 may
also mclude at least one module for connecting the vehicle
700 to at least one network.

The communication umt 710 may include a broadcast
reception module 711, a wireless Internet module 712, a
short-range communication module 713, a location infor-
mation module 714, an optical communication module 715,
and a V2X communication module 716.

The communication unit 710 may receirve weather infor-
mation. The communication unit 710 may receive the
weather imnformation from an external source through the
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broadcast reception module 711, the wireless Internet mod-
ule 712, or the V2X communication module 716.

The communication unit 710 may receirve driving road
information. The communication unit 710 may recognize
the location of the vehicle 700 through the location infor-
mation module 714, and may receive road information
corresponding to the location of the vehicle 700 through the
wireless Internet module 712 or the V2X communication
module 716.

The communication umt 710 may receive traflic light
change information from the external server 601 through the
V2X communication module 716.

The broadcast reception module 711 receives a broadcast
signal or broadcast-related information from an external
broadcast management server over a broadcast channel.
Herein, the broadcast includes radio broadcast or TV broad-
cast.

The wireless Internet module 712, which refers to a
module for wireless Internet access, may be internally or
externally installed to the vehicle 700. The wireless Internet
module 712 1s configured to transmit and receive a radio
signal over a communication network according to wireless
Internet technologies.

Examples of wireless Internet technologies include Wire-
less LAN (WLAN), Wi-Fi, Wi-F1 Direct, Digital Living
Network Alliance (DLNA), Wireless Broadband (WiBro),
World Interoperability for Microwave Access (WIMAX),
High Speed Downlink Packet Access (HSDPA), High Speed
Uplink Packet Access (HSUPA), Long Term Evolution
(LTE), and Long Term Evolution-Advanced (LTE-A). The
wireless Internet module 712 transmits and receives data
according to at least one of the aforementioned wireless
Internet technologies. For example, the wireless Internet
module 712 may wirelessly exchange data with the external
server 601. The wireless Internet module 712 may receive
weather information and traflic situation information (e.g.,
TPEG (Transport Protocol Expert Group)) from the external
server 601.

The short-range communication module 713, which 1s
used for short-range communication, may support short-
range communication using at least one of Bluetooth™,
Radio Frequency Identification (RFID), Infrared Data Asso-
ciation (IrDA), ultra wideband (UWB), ZigBee, Near Field
Communication (NFC), Wi-F1, Wi-F1 Direct, and Wireless
Universal Serial Bus (Wireless USB) technologies.

The short-range communication module 713 may estab-
lish a wireless local area network to implement short-range
communication between the vehicle 700 and at least one
external device. For example, the short-range communica-
tion module 713 may wirelessly exchange data with the
mobile terminal 600. The short-range communication mod-
ule 713 may receive weather information and trathic situa-
tion information (e.g., TPEG (Transport Protocol Expert
Group)) from the mobile terminal 600. For example, once a
user enters the vehicle 700, the mobile terminal 600 of the
user may be paired with the vehicle 700 automatically or by
execution of an application by the user.

A typical example of the location information module
714, which serves to acquire the location of the vehicle 700,
1s a global positioning system (GPS) module. For example,
it the vehicle utilizes the GPS module, the location of the
vehicle may be acquired using a signal from a GPS satellite.

The optical communication module 715 may include a
light transmitter and a light receiver.

The light receiver may covert a light signal into an
clectrical signal to receive mformation. The light receiver
may include a photodiode (PD) for receiving light. The PD
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1s capable of converting light into an electrical signal. For
example, the light receiver may receive information on a
preceding vehicle through light emitted from a light source
included 1n the foregoing vehicle.

The light transmitter may include at least one light 5
emitting device for converting an electrical signal into a
light signal. Preferably, the light emitting device 1s a light
emitting diode (LED). The light transmitter converts an
clectrical signal into a light signal and transmits the light
signal outside. For example, the light transmitter transmits a 10
light signal by blinking a light emitting device at a prede-
termined frequency. According to some embodiments, the
light transmitter may include an array of a plurality of light
emitting devices. According to some embodiments, the light
transmitter may be integrated with a lamp provided to the 15
vehicle 700. For example, the light transmitter may be at
least one of a headlight, a taillight, a stop lamp, a turn signal
lamp and a sidelight. For example, the optical communica-
tion module 715 may exchange data with the vehicle 602
through optical communication. 20

The V2X communication module 716 serves to perform
wireless communication with the server 601 or another
vehicle 602. The V2X communication module 716 includes
a module capable of mmplementing a vehicle-to-vehicle
communication (V2V) protocol or a vehicle-to-infrastruc- 25
ture communication (V2I) protocol. The vehicle 700 may
perform wireless communication with the external server
601 or the vehicle 602 through the V2X communication
module 716.

The mput unit 720 may include a camera 195, a micro- 30
phone 723 and a user mput unit 724.

The microphone 723 may process an external sound
signal to create electrical data. The data created through
processing may be utilized for various purposes according to
functions being executed by the vehicle 700. The micro- 35
phone 723 may convert a voice command from the user into
clectrical data. The electrical data may be delivered to the
controller 770.

According to an embodiment, the camera 722 or micro-
phone 723 may be a constituent included 1n the sensing unit 40
760 rather than in the iput unit 720.

The user input unit 724 1s intended to receive mformation
input by the user. When information 1s input through the user
input unit 724, the controller 770 may control operation of
the vehicle 700 1n accordance with the mput information. 45
The user input unit 724 may include a touch iput means or
a mechanical input means. According to some embodiments,
the user input unit 724 may be disposed 1n one area of the
steering wheel. In this case, the driver may mampulate the
user input umt 724 with fingers while holding the steering 50
wheel.

The user mput unit 724 may receive a turn signal input.

The sensing unit 760 senses a signal related to traveling
of the vehicle 700. To this end, the sensing unit 760 may
include a collision sensor, a wheel sensor, a speed sensor, a 55
t1lt sensor, a weight sensor, a heading sensor, a yaw sensor,
an acceleration sensor, a gyro sensor, a position module, a
vehicle drive/reverse sensor, a battery sensor, a fuel sensor,

a fire sensor, a steering sensor based on turning of the
steering wheel, a vehicle interior temperature sensor, a 60
vehicle interior humidity sensor, a rain sensor, an illumina-
tion sensor, a tire pressure sensor, an ultrasonic sensor, radar,
and lidar (Light Detection And Ranging).

Thereby, the sensing unit 760 may acquire sensing signals
carrying vehicle collision information, vehicle direction 65
information, vehicle location information (GPS informa-
tion), vehicle orientation information, vehicle speed infor-
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mation, vehicle acceleration information, vehicle inclination
information, vehicle drive/reverse information, battery
information, fuel information, tire information, vehicle lamp
information, vehicle interior temperature information,
vehicle interior humidity information, information about
whether 1t rains, an angle by which the steering wheel 1s

rotated, surrounding illumination sensor, and tire pressure
information.

The sensing umt 760 may further include an accelerator
pedal sensor, a pressure sensor, an engine speed sensor, an
air flow sensor (AFS), an intake air temperature sensor
(ATS), a water temperature sensor ( WTS), a throttle position

sensor (ITPS), a TDC sensor, and a crankshait angle sensor
(CAS).

The ultrasonic sensor, radar, or lidar may detect and track
an object. The ultrasonic sensor, radar, or lidar may calculate
the distance and relative speed of the detected object.

The ultrasonic sensor, radar, or lidar may sense a danger-
ous situation. The processor included 1n the ultrasonic
sensor, radar, or lidar may sense a dangerous situation based
on the distance to the object.

The sensing unit 760 may 1nclude a position sensor. The
position sensor may sense the position of the vehicle. The
position sensor may generate position information about the
vehicle. The pressure sensor may include the yaw sensor,
acceleration sensor, gyro sensor, and vehicle body tilt sensor
described above.

The sensing unit may include a wind sensor. The wind
sensor may sense the direction or speed of the wind. The
wind sensor may generate wind direction information or
wind speed information. The wind sensor may include an
ultrasonic type wind sensor. The wind sensor may measure
the speed and direction of the wind using ultrasonic waves,
whose travel speed 1s increased or decreased by the wind
when the waves travel through the arr.

The sensing unit 760 may include a biometric 1dentifica-
tion information sensing unit. The biometric identification
information sensing unit senses and acquires biometric
identification information of a passenger. The biometric
identification information may include fingerprint informa-
tion, 1r1s scan information, retina scan information, hand
geometry mnformation, facial recognition information, and
volice recogmtion information. The biometric 1dentification
information sensing umt may include a sensor for sensing
biometric 1dentification information of a person in the
vehicle. Herein, the interior camera and the microphone 723
may operate as sensors. The biometric recognition informa-
tion sensing unit may acquire hand shape information and
face recognition information through the interior camera.

The output unit 740, which serves to output information
processed by the controller 770, may include a display unit
741, a sound output unit 742 and a haptic output unit 743.

The display unit 741 may display information processed
by the controller 770. For example, the display unit 741 may
display vehicle-related information. Herein, the vehicle-
related information may include vehicle control information
for controlling the direction of the vehicle or vehicle driving
assistance imnformation for assisting the driver in driving the
vehicle. The vehicle-related information may also include
vehicle condition information indicating the current condi-
tion of the vehicle or vehicle driving information related to
driving.

The display unit 741 may include at least one of a liquad
crystal display (LCD), a thin film transistor-liquid crystal
display (TF'T LCD), an organic light-emitting diode (OLED)
display, a flexible display, a 3D display and an e-ink display.
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The display unit 741 may form a layered architecture
together with a touch sensor or be integrated with the touch
sensor, thereby implementing a touchscreen. Such touch-
screen may function as the user input unit 724 providing an
input interface between the vehicle 700 and the user and also
as an output interface between the vehicle 700 and the user.
In this case, the display unit 741 may include a touch sensor
for sensing touch applied to the display unit 741 1n order to
receive a control command in a touch manner. Thereby,
when the display unit 741 1s touched, the touch sensor may
sense the touch, and the controller 770 may generate a
control command corresponding to the touch. Content input
through touch may include characters, numbers, or menu
items which can be 1ndicated or specified in various modes.

Meanwhile, the display unit 741 may include a cluster to
allow the driver to check the vehicle condition information
or vehicle driving information during driving. The cluster
may be positioned on the dashboard. In this case, the driver
can check the information displayed on the cluster while
looking forward.

According to some embodiments, the display unit 741
may be implemented as a head up display (HUD). If the
display unit 741 1s implemented as the HUD, information
may be output through a transparent display provided to the
windshield. Alternatively, the display umt 741 may be
provided with a projection module, thereby outputting infor-
mation through an 1mage projected onto the windshield.

The sound output unit 742 converts an electrical signal
from the controller 770 mto an audio signal and outputs the
audio signal. To this end, the sound output unit 742 may be
provided with a speaker. The sound output unit 742 may
output sound corresponding to operation of the user mput
unit 724.

The haptic output unit 743 generates haptic output. For
example, the haptic output unit 743 may vibrate the steering
wheel, a seat belt and a seat to allow the user to recognize
the output.

The vehicle drive unit 750 may control operations of
various vehicular devices. The vehicle drive umt 750 may
receive a control signal from the steering input apparatus
100. The vehicle drive unit 750 may control various devices
based on the control signal.

The vehicle drive unit 750 may include a power source
drive unit 751, a steering drive unit 752, a brake drive unit
753, a lamp drive unit 754, an air conditioning drive unit
755, a window drive unit 756, an airbag drive unit 757, a
sunrool drive unit 758 and a suspension drive unit 7359,

The power source drive unit 751 may perform electronic
control of the power source 1n the vehicle 700.

For example, 11 a fossil fuel-based engine 1s the power
source, the power source drive unit 751 may perform
clectronic control of the engine. Thereby, the output torque
of the engine may be controlled. If the power source drive
unit 751 1s an engine, the output torque of the engine may
be controlled by the controller 770 to limit the speed of the
vehicle.

As another example, if an electric motor 1s the power
source, the power source drive unit 751 may control the
motor. Thereby, the rotational speed and torque of the motor
may be controlled.

The power source drive unit 751 may receive an accel-
eration control signal from the steering input apparatus 100.
The power source drive unit 751 may control the power
source according to the received acceleration control signal.

The steering drive unit 752 may perform electronic con-
trol of the steering apparatus 1n the vehicle 700. Thereby, the
steering drive unit 752 may change the travel direction of the
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vehicle. The steering drive unit 752 may receive a steering
control signal from the steering mput apparatus 100. The
steering drive unit 752 may control the steering apparatus to
be steered according to the steering control signal.

The brake drive unit 753 may perform electronic control
of a brake apparatus (not shown) 1n the vehicle 700. For
example, by controlling the operation of the brakes disposed
on the wheels, the speed of the vehicle 700 may be reduced.
In another example, the brake disposed on a left wheel may
be operated differently from the brake disposed on a right
wheel 1n order to adjust the travel direction of the vehicle
700 to the left or right. The brake drive unit 753 may receive
a deceleration control signal from the steering mput appa-
ratus 100. The brake drive unit 753 may control the brake
apparatus according to the received deceleration control
signal.

The lamp drive umt 754 may control lamps disposed
inside and outside the vehicle to be turned on/off. In addi-
tion, the lamp drive umit 754 may control the intensity and
direction of light from the lamps. For example, the lamp
drive unit 754 may control a turn signal lamp and a brake
lamp.

The air conditioning drive unit 755 may perform elec-
tronic control of an air conditioner 1n the vehicle 700. For
example, 11 the temperature of the mterior of the vehicle 1s
high, the air conditioning drive unit 755 may control the air
conditioner to supply cool air to the interior of the vehicle.

The window drive unit 756 may perform electronic con-
trol of a window apparatus in the vehicle 700. For example,
the window drive unit 756 may control opening or closing
of the left and right windows on both sides of the vehicle.

The airbag drive unit 757 may perform electronic control
of an airbag apparatus in the vehicle 700. For example, the
unit may control the airbag apparatus such that the airbags
are inflated when the vehicle 1s exposed to danger.

The sunroof drive unit 758 may perform electronic con-
trol of a sunroof apparatus in the vehicle 700. For example,
the sunroof drive unit 758 may control opening or closing of
the sunroof.

The suspension drive unit 759 may perform electronic
control of a suspension apparatus in the vehicle 700. For
example, when a road surface 1s uneven, the suspension
drive unit 759 may control the suspension apparatus to
attenuate vibration of the vehicle 700. The suspension drive
unmit 759 may receive a suspension control signal from the
steering nput apparatus 100. The suspension drive unit 759
may control the suspension apparatus according to the
received suspension control signal.

The memory 730 1s electrically connected to the control-
ler 770. The memory 730 may store basic data for each unat,
control data for controlling operation of each unit, and
input/output data. When implemented through hardware, the
memory 730 may include various storage devices such as a
ROM, RAM, EPROM, flash drive, and hard drive. The
memory 730 may store various kinds of data for overall
operation of the vehicle 700 including a program for pro-
cessing or controlling operation of the controller 770.

The memory 730 may be integrated with the controller
770.

The mterface unit 780 may serve as a path between the
vehicle 700 and various kinds of external devices connected
thereto. For example, the interface unit 780 may be provided
with a port connectable to the mobile terminal 600, thus
being connected to the mobile terminal 600 through the port.
In this case, the interface unit 780 may exchange data with
the mobile terminal 600.
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The interface unit 780 may also serve as a path through
which electrical energy 1s supplied to the mobile terminal
600 connected thereto. If the mobile terminal 600 1s elec-
trically connected to the interface unit 780, the interface unit
780 1s controlled by the controller 770 to provide the mobile
terminal 600 with electrical energy supplied from the power
supply 790.

The controller 770 may control overall operations of the
respective units 1n the vehicle 700. The controller 770 may
be called an electronic control unit (ECU).

The controller 770 may be implemented as hardware
using at least one of application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
sors, controllers, micro-controllers, microprocessors, and
clectric units for performing other functions.

The power supply 790 may be controlled by the controller
770 to supply electric power necessary for operation of
respective constituents. In particular, the power supply 790
may receive power from, for example, a battery (not shown)
in the vehicle.

The steering input apparatus 100 may exchange data with
the controller 770. Various kinds of information, data or a
control signal generated from the steering input apparatus
100 may be output to the controller 770. The steering 1nput
apparatus 100 may be the steering input apparatus described
above with reference to FIGS. 1 to 3.

The drniver status monitoring (DSM) system 260 serves to
sense the state of the driver and control the vehicle 700
according to the state of the driver. The DSM system 260
may 1nclude mput units such as an internal camera and a
microphone.

The DSM system 260 may sense whether the dniver 1s
gazing forward, dozing, eating food, manipulating a device,
or the like. In addition, the DSM system 260 may sense the
driver’s concentration on driving during travel in the
vehicle.

The DSM system 260 may include a photoplethysmo-
gram (PPQG) sensor. The PPG sensor may be disposed 1n one
region of the steering wheel which may contact the body of
the user (e.g., the driver). The PPG sensor may be disposed

in one region of the steering wheel rim. The DSM system
260 may acquire and analyze a biometric signal of the driver
through the PPG sensor.

For example, the DSM system 260 may acquire a bio-
metric signal and then generate physical condition informa-
tion about the driver as the driver status information.

For example, the DSM system 260 may acquire a bio-
metric signal and then generate excited state information
about the driver as the driver status information.

For example, the DSM system 260 may analyze an image
of the driver acquired by an internal camera, and generate
drowsy state information about the driver as the driver status
information.

For example, the DSM system 260 may analyze an image
of the dniver acquired by an internal camera, and generate
device manipulation state information about the driver.

The DSM system 260 may provide the driver status
information to the steering input apparatus 100.

FIG. 5 1s a view 1illustrating a steering input apparatus
according to an embodiment of the present invention.

The steering input apparatus 100 may include a steering
wheel 500. The steering input apparatus 100 may receive
rotation mput through the steering wheel.
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The steering input apparatus 100 may receive first-direc-
tion rotation input 510 through the steering wheel 500. The
first-direction rotation mput 5310 may be leftward rotation
input.

The steering input apparatus 100 may receirve second-
direction rotation mput 520 through the steering wheel 500.
The second-direction rotation iput 520 may be rightward
rotation put.

The processor 170 may control the power provision unit
160. The power provision unit 160 may provide power for
rotation 1nput provided through the steering wheel 500. The
power may assist in steering manipulation of the steering
wheel 500. The power provision unit 160 may include a
hydraulic power provision apparatus, an electrohydraulic
power provision apparatus or a motor-driven power provi-
s10n apparatus.

The processor 170 may control the manipulation sensi-
tivity to rotation input provided through the steering wheel
500 by controlling the power provision unit 160. For
example, the processor 170 may adjust the manipulation
sensitivity to rotation input provided through the steering
wheel 500.

FIGS. 6A and 6B are views 1llustrating an operation of
adjusting the mamipulation sensitivity to rotation input of the
steering wheel such that the manipulation sensitivity to
first-direction rotation nput 1s different from that to second-
direction rotation input, according to an embodiment of the
present 1vention.

The processor 170 may adjust the manipulation sensitiv-
ity of the steering wheel 500 such that the manipulation
sensitivity of the steering wheel 500 to the first-direction
rotation input 510 1s diflerent from the manipulation sensi-
tivity of the steering wheel 500 to the second-direction
rotation mput 520.

As shown 1n FIG. 6A, the processor 170 may adjust the
mampulation sensitivity of the steering wheel 500 such that
the manipulation sensitivity of the steering wheel 500 to the
first-direction rotation input 510 1s lower than the manipu-
lation sensitivity of the steering wheel 500 to the second-
direction rotation input 520.

For example, 1 an object 1s located on the left side of the
vehicle 700 with respect to the driving direction of the
vehicle 700, the processor 170 may adjust the manipulation
sensitivity of the steering wheel 500 such that the manipu-
lation sensitivity of the steering wheel 500 to the leftward
rotation mput 510 1s lower than the manipulation sensitivity
of the steering wheel to the rightward rotation input 520. In
this case, as the vehicle 700 approaches the object, the
processor 170 may gradually lower the manipulation sensi-
tivity to the leftward rotation mput 510 according to the
distance between the vehicle 700 and the object.

The object may include another vehicle, a median barrier,
a guardrail, a street tree, or a streetlight.

As shown 1n FIG. 6B, the processor 170 may adjust the
mamipulation sensitivity of the steering wheel 500 such that
the manipulation sensitivity of the steering wheel 500 to the
second-direction rotation mput 520 1s lower than the
mamipulation sensitivity of the steering wheel 500 to the
first-direction rotation mput 510. The processor 170 may
adjust the manipulation sensitivity of the steering wheel 500
such that the manipulation sensitivity of the steering wheel
500 to the first-direction rotation mput 510 1s higher than the
mampulation sensitivity of the steering wheel 500 to the
second-direction rotation input 520.

For example, 1f an object 1s located on the right side of the
vehicle 700 with respect to the driving direction of the
vehicle 700, the processor 170 may adjust the manipulation
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sensitivity of the steering wheel 500 such that the manipu-
lation sensitivity of the steering wheel 500 to the nghtward
rotation 1nput 520 1s lower than the manipulation sensitivity
of the steering wheel to the leftward rotation mput 510. In
this case, as the vehicle 700 approaches the object, the
processor 170 may gradually lower the manipulation sensi-
tivity to the rightward rotation input 520 according to the
distance between the vehicle 700 and the object.

The object may include another vehicle, a median barrier,
a guardrail, a street tree, or a streetlight.

By adjusting the manipulation sensitivity such that the
manipulation sensitivity to the leftward rotation mput 1s
different from that to the nightward rotation input as
described above, incorrect steering input may be prevented,
and a guide on safe driving may be provided.

FIGS. 7A and 7B are views 1illustrating an operation of
adjusting the manipulation sensitivity to rotation input of the
steering wheel with the steering wheel rotated by a prede-
termined rotational displacement such that the manipulation
sensitivity to first-direction rotation input 1s different from
that to second-direction rotation input, according to an
embodiment of the present invention.

The processor 170 may adjust the manipulation sensitiv-
ity of the steering wheel 500 with the steering wheel 500
rotated by a predetermined rotational displacement such that
the manipulation sensitivity of the steering wheel 500 to the
first-direction rotation input 310 1s different from the
manipulation sensitivity of the steering wheel 500 to the
second-direction rotation input 520 with respect to the
rotational displacement. Herein, the rotational displacement
may conceptually include angular displacement.

As shown 1n FIG. 7A, 11 the first-direction rotation 1nput
510 1s recerved with the steering wheel 500 rotated by a {first
rotational displacement a in a second direction, the proces-
sor 170 may adjust the manipulation sensitivity such that the
manipulation sensitivity to the first-direction rotation input
510 1s lower than that to the second-direction rotation 1nput
520 with respect to the first rotational displacement a.

Alternatively, 1f the first-direction rotation input 510 1s
received with the steering wheel 500 rotated by the first
rotational displacement a in the second direction, the pro-
cessor 170 may adjust the manipulation sensitivity such that
the manipulation sensitivity to the first-direction rotation
input 510 1s higher than that to the second-direction rotation
iput 520 with respect to the first rotational displacement a.

As shown 1n FIG. 7B, if the second-direction rotation
iput 520 1s received with the steering wheel 500 rotated by
the first rotational displacement a in a first direction, the
processor 170 may adjust the manipulation sensitivity such
that the manipulation sensitivity to the second-direction
rotation mput 520 1s lower than that to the first-direction
rotation 1nput 510 with respect to the first rotational dis-
placement a.

Alternatively, 1f the second-direction rotation mput 520 1s
received with the steering wheel 500 rotated by the first
rotational displacement 1n the first direction, the processor
170 may adjust the manipulation sensitivity such that the
manipulation sensitivity to the second-direction rotation
iput 520 1s higher than that to the first-direction rotation
iput 510 with respect to the first rotational displacement a.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel 500 based on the
curve (e.g., curvature) of the road and the path (e.g., left turn
or right turn) of the vehicle 700.

By adjusting the manipulation sensitivity such that the
manipulation sensitivity to the leftward rotation mput 1s
different from that to the nightward rotation input as
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described above, incorrect steering input may be prevented,
and a guide on safe driving may be provided.

FIG. 8 1s a view 1illustrating an operation of adjusting the
mamipulation sensitivity to rotation input of the steering
wheel by dividing the manipulation sensitivity mto a plu-
rality of different levels according to an embodiment of the
present 1nvention.

Retferring to FIG. 8, the processor 170 may adjust the
mampulation sensitivity of the steering wheel 500 to rotation
iputs 310, 520 by dividing the manipulation sensitivity into
a plurality of diflerent levels.

The manipulation sensitivity of the steering wheel 502 to
rotation mputs 510, 520 may be adjusted and set by the user.

The processor 170 may adjust the manipulation sensitiv-
ity of the steering wheel 500 to one of three provided levels.

The processor 170 may adjust the manipulation sensitiv-
ity of the steering wheel 500 to rotation inputs to one of three
levels according to the object information. The manipulation
sensitivity of a first level 510qa, 520a may be higher than that
of a second level 51056, 5206, and the sensitivity of a third

level 510c¢, 520¢ may be lower than that of the second level
51056, 5205.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation iput of the steering wheel by dividing the
mamipulation sensitivity into a plurality of different levels
according to the type of the detected object. For example, the
processor 170 may adjust the manipulation sensitivity to
rotation input of the steering wheel to one of the levels
according to an expected weight or size of the detected
object. Specifically, as the weight or size of the object
increases, the processor 170 may adjust the manipulation
sensitivity to rotation mput of the steering wheel to a level
indicating lower manipulation sensitivity.

The processor 170 may divide the manipulation sensitiv-
ity to rotation input of the steering wheel into a plurality of
different levels according to location information about the
detected object. For example, the processor 170 may adjust
the manipulation sensitivity to rotation mput of the steering
wheel to one of the levels according to a predetermined path
of the vehicle 700 and proximity of the vehicle 700 to the
location of a detected object.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation input of the steering wheel by dividing the
mampulation sensitivity into a plurality of different levels
according to information indicating the distance to the
detected object. For example, the processor 170 may adjust
the mamipulation sensitivity of the steering wheel to one of
the levels according to the distance between the vehicle 700
and the object. Specifically, as the distance between the
vehicle 700 and the object decreases, the processor 170 may
adjust the manipulation sensitivity to rotation mput of the
steering wheel to a level indicating a lower manipulation
sensitivity or a higher manipulation sensitivity among the
provided levels.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation input of the steering wheel by dividing the
mamipulation sensitivity into a plurality of different levels
according to speed information about the detected object.
For example, the processor 170 may adjust the manipulation
sensitivity of the steering wheel to one of the levels accord-
ing to the speed of the vehicle 700 relative to that of the
object. Specifically, as the relative speed of the vehicle 700
with respect to the object increases, processor 170 may
adjust the manipulation sensitivity to rotation mput of the
steering wheel to a level indicating a lower manipulation
sensitivity or a higher mampulation sensitivity.
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As described above, the manipulation sensitivity can be
adjusted according to the object information. Accordingly,
the manipulation sensitivity to mput of the steering wheel
may be properly changed depending on the driving situation.
Thereby, proper manipulation mput may be realized.

FIG. 9 1s a view illustrating an operation of adjusting
manipulation sensitivity to rotation mput of the steering
wheel when a rotational displacement of the steering wheel
increases, according to an embodiment of the present inven-
tion.

Referring to FIG. 9, the processor 170 may adjust the
manipulation sensitivity to rotation iput of the steering
wheel according to rotational displacement. For example, as
the rotational displacement of the steering wheel 500
increases according to rotation mput provided through the
steering wheel 500, the processor 170 may gradually lower
the manipulation sensitivity to rotation mput of the steering
wheel.

For example, 1f the steering wheel 1s rotated by a first
rotational displacement in a first direction of rotation or a
second direction of rotation by rotation input provided

through the steering wheel, the processor 170 may adjust the
manipulation sensitivity of the steering wheel to a first level
511, 521.

For example, 1f the steering wheel 1s rotated by a second
rotational displacement in the first direction or second
direction of rotation by rotation mput provided through the
steering wheel, the processor 170 may adjust the manipu-
lation sensitivity of the steering wheel to a second level 512,
522.

For example, if the steering wheel 1s rotated by a third
rotational displacement 1n the first or second direction of
rotation by rotation input provided through the steering
wheel, the processor 170 may adjust the manipulation sen-
sitivity of the steering wheel to a third level 513, 523.

According to an embodiment, the processor 170 may
adjust the manipulation sensitivity of the steering wheel
such that the manipulation sensitivity of the steering wheel
according to rotational displacement 1n the first direction of
rotation 1s different from the manipulation sensitivity of the
steering wheel according to rotational displacement in the
second direction of rotation.

For example, 1f the steering wheel 1s rotated by a first
rotational displacement in the first direction of rotation by
rotation input provided through the steering wheel, the
processor 170 may adjust the manipulation sensitivity of the
steering wheel to the first level 511. In addition, if the
steering wheel 1s rotated by the first rotational displacement
in the second direction of rotation by rotation mnput provided
through the steering wheel, the processor 170 may adjust the
manipulation sensitivity of the steering wheel to the second
level 522.

Meanwhile, as the rotational displacement of the steering
wheel increases according to rotation input provided through
the steering wheel, the processor 170 may increase the
manipulation sensitivity of the steering wheel.

Adjusting the manipulation sensitivity 1n different man-
ners according to rotational displacements as described
above may allow the user to recognize an extent to which
rotation input 1s applied and prevent sudden steering input,
thereby preventing an accident.

FIG. 10 1s a view illustrating an operation of a steering
input apparatus performed when a rotational displacement
according to rotation input of the steering wheel 1s greater
than or equal to a reference value, according to an embodi-
ment of the present invention.
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Retferring to FIG. 10, if the magnitude of rotational
displacement of the steering wheel in the first direction 1s
greater than or equal to a reference value, the processor 170
may control the power provision unit 160 to rotate the
steering wheel by a predetermined displacement 1020 1in the
second direction.

If the magmtude of rotational displacement of the steering
wheel 1n the second direction 1s greater than or equal to a
reference value, the processor 170 may control the power
provision unit 160 such that the steering wheel rotates by a
predetermined displacement 1n the first direction.

When collision between the vehicle 700 and an object
1030 or displacement of the vehicle 700 from the driving
road 1s expected during travel of the vehicle according to
rotation 1nput through the steering wheel, the processor 170
may {forcibly control the steering wheel to rotate mn a
direction 1020 opposite to the direction of the rotation mput
to prevent an accident.

FIG. 11 1s a diagram 1llustrating an operation of receiving,
information about a detected object in front of a vehicle
according to an embodiment of the present invention.

Referring to FIG. 11, the processor 170 may receive,
through the mterface unit 130, information about an object
located 1n front of the vehicle from the camera module 201

configured to acquire front view 1mages of the vehicle.

Herein, the camera unit included 1n the camera module
201 may be one of the camera units 200a to 200/ described
above with reference to FIGS. 2A to 2F.

For example, the camera unit 200q¢ may be a mono camera
unit. The image processor 202 may detect, verity and track
an object located 1n front of the vehicle based on the vehicle
front view 1mage acquired by the mono camera unit. Herein,
the vehicle front view 1mage may be a mono image.

For example, the camera unit 2000 may be a stereo
camera unit. The image processor 202 may detect, verily and
track an object located 1n front of the vehicle based on the
vehicle front view 1mage acquired by the stereo camera unait.
Herein, the vehicle front view 1mage may be a stereo 1mage.

For example, the camera unit 200c may be an around view
camera unit. The image processor 202 may detect, verify and
track an object located 1n front of the vehicle based on the
vehicle front view image acquired by the around view
camera unit. Herein, the vehicle front view 1mage may
correspond to one region of an around view i1mage. Alter-
natively, the vehicle front view image may be an image
acquired by a camera 221d configured to capture a vehicle
front view 1mage among the other cameras 221a, 2215 and
221c.

For example, the camera unit 2004, 200e, 200/ may be an
omnidirectional camera unit. The 1image processor 202 may
detect, verity and track an object located in front of the
vehicle based on a vehicle front view 1mage acquired by the
omnidirectional camera unit. Herein, the vehicle {front view
image may correspond to one region of an omnidirectional
image. Alternatively, the vehicle front 1mage may be an
image acquired by one camera facing forward of the vehicle
among a plurality of cameras.

The object may include one of a lane, another vehicle, a
pedestrian, a light, a tratlic sign, a road surface and a
structure.

For example, the object may include another vehicle (e.g.,
a large vehicle such as a truck, a bus, a tanker and a trailer),
a median barrier, a median strip, a guardrail, a street tree, or
a streetlight.

For example, the object may include light infiltrating the
vehicle, a pothole i the driving lane of the vehicle, a
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slippery section, or a construction section (e.g., construction
equipment, an under-construction sign).

The processor 170 may adjust the manipulation sensitiv-
ity to rotation input of the steering wheel based on the
information about the object located 1n front of the vehicle.

FIGS. 12 to 135 illustrate an operation of adjusting
manipulation sensitivity to rotation mput of the steering
wheel based on driving lane information according to an
embodiment of the present invention.

Referring to FIGS. 12 to 15, the processor 170 may
receive driving lane mformation through the interface unit
130. The processor 170 may adjust the manipulation sensi-
tivity to rotation input of the steering wheel based on the
driving lane information.

Meanwhile, the processor 170 may receive travel speed
information through the interface unit 130. The processor
170 may adjust the manipulation sensitivity to rotation input
of the steering wheel based on the travel speed information
as well.

The processor 170 may acquire the driving lane informa-
tion from the camera module 201. The image processor 202
of the camera module 201 may detect a drive lane based on
a vehicle front view 1mage. The 1mage processor 202 may
generate straight lane information, curved lane information
and lane curvature information based on the pattern of the
driving lane. Herein, the straight lane information, curved
lane information and lane curvature information may be
referred to as driving lane information. The processor 170
may receive the driving lane information from the image
processor 202.

The processor 170 may acquire the driving lane informa-
tion from the navigation information.

As 1llustrated in FIG. 12, 1f information indicating a
straight lane 1210 1s received as the driving lane informa-
tion, the processor 170 may adjust the manipulation sensi-
tivity to rotation 1nput of the steering wheel 510, 520 based
on the straight lane information.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation input of the steering wheel 510, 520 based on
the travel speed information as well.

For example, 11 the driving lane 1s the straight lane 1210,
and the travel speed 1s higher than or equal to a reference
speed, the processor 170 may adjust the manipulation sen-
sit1vity to rotation input of the steering wheel 510, 520 based
on the travel speed. Specifically, 1f the driving lane 1s the
straight lane 1210, and the travel speed 1s higher than or
equal to the reference speed, the processor 170 may lower
the manipulation sensitivity to rotation mput of the steering
wheel 510, 520 as the travel speed increases.

By adjusting the manipulation sensitivity to rotation input
of the steering wheel as described above, stability of high-
speed driving may be enhanced.

As 1llustrated 1n FIG. 13, if curved lane information i1s
received as the driving lane information, the processor 170
may adjust the mamipulation sensitivity to rotation mnput of
the steering wheel based on the curved lane information.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation input of the steering wheel 510, 520 based on
the travel speed information as well.

For example, 11 the driving lane 1s a curved lane 1310, the
processor 170 may adjust the manipulation sensitivity to
rotation 1nput of the steering wheel 510, 520 such that the
manipulation sensitivity 1s higher than the manipulation
sensitivity provided for the drniving on a straight lane.
Thereby, dynamic steering control may be implemented.

For example, 11 the driving lane 1s the curved lane 1310,
the processor 170 may adjust the manipulation sensitivity to
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rotation input of the steering wheel 510, 520 according to the
curvature of the curved lane 1310. Specifically, the proces-
sor 170 may adjust the manipulation sensitivity such that the
mampulation sensitivity to rotation inputs other than the
rotation mput corresponding to the curvature 1s lower than
the manipulation sensitivity to the rotation input of the
steering wheel corresponding to the curvature.

The processor 170 may receive position information
about the vehicle 700 through the interface unit 130. For
example, the processor 170 may receive “oversteer” or
“understeer” status 1nformation about the vehicle 700
through the interface unit 130.

As 1llustrated 1n FIG. 14, 1 oversteer 1410 occurs during
travel of the vehicle 700 along a curved lane, the processor
170 may adjust the manipulation sensitivity to rotation input
of the steering wheel such that the manipulation sensitivity
to rotation mput of the steering wheel 520 corresponding to
a direction in which the oversteer 1410 occurs becomes
lower than the mampulation sensitivity to rotation mput of
the steering wheel 510 corresponding to the direction oppo-
site to the direction in which oversteer 1410 occurs.

As 1llustrated 1n FIG. 15, 1f understeer 1510 occurs during
travel of the vehicle 700 along a curved lane, the processor
170 may adjust the mamipulation sensitivity to rotation input
of the steering wheel such that the manipulation sensitivity
to rotation mput of the steering wheel 510 corresponding to
a direction 1n which understeer 1510 occurs becomes lower
than the manipulation sensitivity to rotation input of the
steering wheel 520 corresponding to the direction opposite
to the direction 1n which understeer 1510 occurs.

As such, when oversteer or understeer occurs, steering
iput for overcoming the oversteer or understeer may be
realized by adjusting the manipulation sensitivity to rotation
iput of the steering wheel.

FIGS. 16 and 17 illustrate an operation of adjusting the
mampulation sensitivity to rotation mput of the steering
wheel based on wind mformation according to an embodi-
ment of the present invention.

Referring to FIG. 16, the processor 170 may receive
information indicating a strong wind section through the
interface unit 130.

The processor 170 may acquire the strong wind section
information from the camera module 201. Herein, the strong
wind section may be a bridge or a tunnel entrance or exit.

The 1mage processor 202 of the camera module 201 may
detect a bridge 1610 based on a feature point of the bridge
structure 1n a vehicle front view 1image. The 1image processor
202 may detect a tunnel entrance or exit based on a feature
point of a tunnel shape or brightness.

The processor 170 may acquire the strong wind section
information from the navigation information.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel based on the strong
wind section information.

For example, 1f strong wind section information 1s
received, the processor 170 may adjust the manipulation
sensitivity of the steering wheel such that the manipulation
sensitivity to rotation input of the steering wheel 510, 520 1s
lowered from the manipulation sensitivity of the steering
wheel provided on a road which 1s not in the strong wind
section.

Referring to FI1G. 17, the processor 170 may receive wind
direction information or wind speed information through the
interface unit 130.

The processor 170 may acquire the wind direction infor-
mation or wind speed information from the camera module

201.
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The 1mage processor 202 of the camera module 201 may
detect a wind vane or wind cone 1710 1n a surroundings-
of-vehicle image. The 1mage processor 202 may generate
wind direction mnformation based on the direction 1n which
the wind vane or wind cone 1710 faces.

The 1mage processor 2020 may detect an anemometer or
wind cone 1710 in a surroundings-of-vehicle image. The
image processor 202 may generate wind speed information
based on the rate of rotation of the wings of the anemometer
or an angle of the wind cone 1710 with respect to the ground.

The 1mage processor 202 may detect snow, falling leaves,
petals of cherry blossoms, and the like 1n a surroundings-
of-vehicle image. The 1mage processor 202 may generate
wind direction information or wind speed information based
on a pattern of movement of the snow, falling leaves, or
petals of the cherry blossoms in the air. The snow, falling
leaves and petals of the cherry blossoms may be referred to
as floating matter.

The processor 170 may receive wind direction informa-
tion or wind speed information from the sensing unit 760.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation input ol the steering wheel such that the
manipulation sensitivity to rotation mput of the steering
wheel 520 corresponding to the windward side of the vehicle
becomes lower than the manipulation sensitivity to rotation
input of the steering wheel 510 corresponding to the oppo-
site side of the vehicle.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel based on the wind
speed. For example, the processor 170 may decrease the
manipulation sensitivity to rotation mput of the steering
wheel as the wind speed increases.

By adjusting the manipulation sensitivity to rotation input
of the steering wheel according to wind strength, wind
direction or wind speed, a guide on steering mput may be
provided such that stable driving can be performed despite
the wind.

FIGS. 18A to 19D 1illustrate an operation of adjusting the
manipulation sensitivity to rotation mput of the steering
wheel based on various kinds of object information accord-
ing to an embodiment of the present invention.

Referring to FIG. 18A, the processor 170 may receive
information indicating detection of a large vehicle 1811 as
object information through the interface unit 130.

Upon receiving the information indicating the large
vehicle 1811, the processor 170 may adjust the manipulation
sensitivity to rotation mput of the steering wheel based on
the information mndicating the large vehicle 1811.

For example, when the vehicle 700 travels on one side of
the large vehicle 1811, the processor may adjust the manipu-
lation sensitivity to rotation mnput of the steering wheel such
that the manipulation sensitivity 1s lower than when the large
vehicle 1811 is not present.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation input of the steering wheel such
that the manipulation sensitivity to rotation iput of the
steering wheel 510 corresponding to a direction 1n which the
vehicle 700 faces the large vehicle 1811 1s lower than the
manipulation sensitivity to rotation mput of the steering
wheel 520 corresponding to the direction opposite to the
direction 1n which the vehicle 700 faces the large vehicle
1811.

In this case, as the vehicle 700 approaches the large
vehicle 1811, the processor 170 may lower the manipulation
sensitivity to rotation input of the steering wheel 510 cor-
responding to the direction 1n which the vehicle 700 faces
the large vehicle 1811 according to the distance between the
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vehicle 700 and the large vehicle 1811 1n the length direction
or width direction of the vehicle.

Referring to FIG. 18B, the processor 170 may receive
information indicating detection of a median barrier 1812 as
object information through the interface unit 130.

Upon receiving the mformation indicating the median
barrier 1812, the processor 170 may adjust the manipulation
sensitivity to rotation input of the steering wheel based on
the information indicating the median barrier 1812.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation input of the steering wheel such
that the manipulation sensitivity to rotation iput of the
steering wheel 5310 corresponding to a direction in which the
vehicle 700 faces the median barrier 1812 becomes lower

than the manipulation sensitivity to rotation input of the

steering wheel 520 corresponding to the direction opposite
to the direction 1 which the vehicle 700 faces the median

barrier 1812.

In this case, as the vehicle 700 approaches the median
barrier 1812, the processor 170 may lower the manipulation
sensitivity to rotation input of the steering wheel 510 cor-
responding to the direction 1mn which the vehicle 700 faces
the median barrier 1812 according to the distance between
the vehicle 700 and the median barrier 1812 1n the width
direction of the vehicle.

Retferring to FIG. 18C, the processor 170 may receive
information indicating detection of a median strip 1813 as
object information through the interface unit 130.

Upon receiving the mformation indicating the median
strip 1813, the processor 170 may adjust the manipulation
sensitivity to rotation input of the steering wheel based on
the information indicating the median strip 1813.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation input of the steering wheel such
that the manipulation sensitivity to rotation mput of the
steering wheel 310 corresponding to a direction in which the
vehicle 700 faces the median strip 1813 becomes lower than
the manipulation sensitivity to rotation mput of the steering
wheel 520 corresponding to the direction opposite to the
direction 1n which the vehicle 700 faces the median strip
1813.

In this case, as the vehicle 700 approaches the median
strip 1813, the processor 170 may lower the manipulation
sensitivity to rotation input of the steering wheel 510 cor-
responding to the direction 1 which the vehicle 700 faces
the median strip 1813 according to the distance between the

vehicle 700 and the median barrier 1812 in the width
direction of the vehicle.

Referring to FIG. 18D, the processor 170 may receive
information mdicating detection of a guardrail 1814, a tree
or a streetlight as object information through the interface
unit 130.

Upon receiving the information indicating the guardrail
1814, tree or streetlight, the processor 170 may adjust the
mamipulation sensitivity to rotation input of the steering
wheel based on the information indicating the guardrail
1814, street tree or streetlight.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation input of the steering wheel such
that the manipulation sensitivity to rotation mput of the
steering wheel 5310 corresponding to a direction in which the
vehicle 700 faces the guardrail 1814, tree or streetlight
becomes lower than the manipulation sensitivity to rotation
input of the steering wheel 520 corresponding to the direc-
tion opposite to the direction 1n which the vehicle 700 faces
the guardrail 1814, tree or streetlight.
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In this case, as the vehicle 700 approaches the guardrail
1814, tree or streetlight, the processor 170 may lower the
manipulation sensitivity to rotation mput of the steering
wheel 510 corresponding to the direction in which the
vehicle 700 faces the guardrail 1814, tree or streetlight
according to the distance between the vehicle 700 and the

guardrail 1814, tree or streetlight in the width direction of
the vehicle.

Referring to FIG. 19A, the processor 170 may receive
information idicating detection of light 1911 infiltrating the
vehicle as object information through the interface unit 130.
Herein, the light 1911 may be sunlight or light from a
headlamp, a streetlight, or the like.

Upon recerving the mformation indicating that the light
1911 infiltrating into the vehicle, the processor 170 may
adjust the manipulation sensitivity to rotation input of the
steering wheel based on the information indicating the light

1911.

For example, 11 the information indicating the light 1911
1s received, the processor 170 may adjust the mampulation
sensitivity to mput of the steering wheel 510, 520 to a lower
level than when the information indicating the light 1911 1s
not recerved.

In this case, as the vehicle 700 approaches the source of
the light 1911 mfiltrating the vehicle, the processor 170 may
gradually lower the manipulation sensitivity to mput of the
steering wheel according to the distance between the vehicle
700 and the light source in the length direction of the
vehicle.

Referring to FIG. 19B, the processor 170 may receive
information indicating detection of a pothole 1912 as object
information through the interface unit 130.

Upon receiving the mmformation indicating the pothole
1912, the processor 170 may adjust the manipulation sen-
sitivity to rotation 1nput of the steering wheel based on the
information indicating the pothole 1912.

For example, if the mformation indicating the pothole
1912 is received, the processor 170 may adjust the manipu-
lation sensitivity to steering wheel mputs 310, 520 such that
the manipulation sensitivity 1s lower than when the infor-
mation indicating the pothole 1912 1s not recerved.

In this case, as the vehicle 700 approaches the pothole
1912, the processor 170 may gradually lower the manipu-
lation sensitivity to the steering wheel inputs according to
the distance between the vehicle 700 and the pothole 1912
in the length direction of the vehicle.

Referring to FIG. 19C, the processor 170 may receive
information indicating detection of a construction section
1913 as object information through the interface unit 130.

Upon recerving the information indicating the construc-
tion section 1913, the processor 170 may adjust the manipu-
lation sensitivity to rotation mmput of the steering wheel
based on the information indicating the construction section
1913.

For example, 11 the information indicating the construc-
tion section 1913 1s received, the processor 170 may adjust
the manipulation sensitivity to steering wheel mputs 510,
520 such that the manipulation sensitivity 1s lower than
when the mnformation indicating the construction section
1913 1s not recerved.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation mnput of the steering wheel such
that the manipulation sensitivity to rotation mput of the
steering wheel 510 corresponding to a direction in which the
vehicle 700 faces the construction section 1913 becomes
lower than the manipulation sensitivity to rotation mput of
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the steering wheel 520 corresponding to the direction oppo-
site to the direction in which the vehicle 700 faces the
construction section 1913.

In this case, as the vehicle 700 approaches the construc-
tion section 1913, the processor 170 may gradually lower the
mampulation sensitivity to the steering wheel input accord-
ing to the distance between the vehicle 700 and the con-
struction section 1913 in the length direction or width
direction of the vehicle.

Referring to FIG. 19D, the processor 170 may receive
information indicating detection of a slippery section 1914
as object information through the interface unit 130. Herein,
the slippery section 1914 may be a puddle, a frozen road, or
a snowy road.

Upon receiving the information indicating the slippery
section 1914, the processor 170 may adjust the manipulation
sensitivity to rotation mput of the steering wheel based on
the information indicating the slippery section 1914.

For example, 11 the information indicating the slippery
section 1914 1s received, the processor 170 may adjust the
mampulation sensitivity to steering wheel mput 510, 520
such that the manipulation sensitivity 1s lower than when the
information indicating the slippery section 1914 is not
received.

For example, the processor 170 may adjust the manipu-
lation sensitivity to rotation input of the steering wheel such
that the manipulation sensitivity to rotation iput of the
steering wheel 510 corresponding to a direction 1n which the
vehicle 700 faces the slippery section 1914 becomes lower
than the manipulation sensitivity to rotation input of the
steering wheel 520 corresponding to the direction opposite
to the direction 1n which the vehicle 700 faces the slippery
section 1914.

In this case, as the vehicle 700 approaches the slippery
section 1914, the processor 170 may gradually lower the
mampulation sensitivity to steering wheel input according to
the distance between the vehicle 700 and the slippery section
1914 1n the length direction or width direction of the vehicle.

Meanwhile, the processor 170 may receirve weather infor-
mation through the interface unit 130. The weather infor-
mation may be acquired through the communication unit
710 of the vehicle 700. The weather information may be
acquired from the camera module 201. The 1image processor
202 of the camera module 201 may detect the weather
information based on a vehicle front 1mage or a surround-
ings-of-vehicle image. Herein, the weather information may
be miormation indicating rain, snow or fog.

Upon receiving the weather information, the processor
170 may adjust the mampulation sensitivity to rotation input
of the steering wheel based on the weather information.

For example, 11 the weather information 1s received, the
processor 170 may adjust the manipulation sensitivity to
steering wheel 1input such that the manipulation sensitivity 1s
lower than when the weather information 1s not received.

FIG. 20 illustrates an operation of adjusting the manipu-
lation sensitivity to rotation mput of the steering wheel
based on lane change guide information according to an
embodiment of the present invention.

Referring to FI1G. 20, the processor 170 may receive lane
change information through the interface unit 130.

For example, the lane change information may be turn
signal mnformation generated by user mput. The processor
170 may receive the turn signal mformation through the
interface unit 130. The processor 170 may adjust the
mampulation sensitivity to steering wheel input based on the
turn signal information. For example, when an input of
first-direction turn signal information 1s receirved, the pro-
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cessor 170 may adjust the manipulation sensitivity to rota-
tion mput of the steering wheel such that the manipulation
sensitivity to steering wheel rotation mput corresponding to
a second direction becomes lower than the mampulation
sensitivity to a steering wheel rotation input corresponding
to the first direction.

For example, the lane change information may be object
information acquired through the camera module 201. The
processor 170 may receive mformation indicating detection
of a lane change guide object as an object through the
interface unit 130. Herein, the lane change guide object may
include a tratlic cone 2020, a lane change guide line, a lane
restriction bar, and a signal bar. The lane change guide object
information may be recerved from the camera module 201.

The 1mage processor 202 of the camera module 201 may
detect the traflic cone 2020, lane change guide line, lane
restriction bar and signal bar based on feature points of
shapes or colors.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mput of the steering wheel according to the
lane change guide information such that the manipulation
sensitivity to rotation input of the steering wheel 510 cor-
responding to a direction 1n which the vehicle 1s guided to
change lanes becomes higher than the manipulation sensi-
tivity to rotation input of the steering wheel 520 correspond-
ing to the direction opposite to the direction 1n which the
vehicle 1s guided to change lanes.

The lane change guide may be provided due to construc-
tion or an accident.

By adjusting the manipulation sensitivity to rotation input
of the steering wheel according to the lane change informa-
tion, steering input corresponding to the direction 1n which
the vehicle 1s guided to change lanes may be induced.

FIG. 21 illustrates an operation of adjusting manipulation
sensitivity to rotation mput of the steering wheel based on
traflic density information according to an embodiment of
the present imvention.

Referring to FIG. 21, the processor 170 may receive tratlic
density imformation through the interface unit 130.

The processor 170 may acquire the traflic density infor-
mation from the communication unit 710 of the vehicle 700.
The communication unit 710 may receive traflic density
information on the path of the vehicle 700 from an external
server 601. The processor 170 may receive the traflic density
information through the communication unit 710.

The processor 170 may acquire the traflic density infor-
mation from the camera module 201. The 1mage processor
202 of the camera module 201 may detect a plurality of
vehicles 1n a front view 1mage or surroundings-of-vehicle
image ol the vehicle. Herein, the traflic density may be
numerically expressed as the number of detected vehicles.
The processor 170 may receive information about the
detected vehicles acquired through the camera module 201.

The processor 170 may adjust the manipulation sensitiv-
ity to steering wheel rotation input according to the traflic
density information.

For example, 1f the number of detected vehicles 1s greater
than or equal to a first reference number, the processor 170
may adjust the manipulation sensitivity such that the
manipulation sensitivity i1s higher than when the number of
detected vehicles 1s less than the first reference number.

By adjusting the manipulation sensitivity to steering
wheel mput according to the traflic density as described
above, a guide on steering mputs for tlexibly coping with an
unexpected situation may be provided.
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FIG. 22 1s a diagram 1illustrating an operation of receiving,
object information detected around a vehicle according to an
embodiment of the present invention.

Retferring to FIG. 22, the processor 170 may receive,
through the mterface unit 130, information about an object
located around the vehicle from the camera module 201
configured to acquire 1mages of surroundings of the vehicle.
Herein, the camera unit included 1n the camera module 201
may be one of the camera units 200¢ to 200/ described above
with reference to FIGS. 2C to 2F.

For example, the camera unit 200¢ may be an around view
camera unit. The image processor 202 may detect, verity and
track an object located around the wvehicle based on a
surroundings-oi-vehicle image acquired by the around view
camera unit. Herein, the surroundings-of-vehicle image may
be an around view 1mage. Alternatively, the surroundings-
of-vehicle image may be an 1mage acquired by at least one
of the cameras 221a, 2215, 221¢ and 2214d.

For example, the camera unit 200d, 200e, 200/ may be an
omnidirectional camera unit. The 1image processor 202 may
detect, verily and track an object located around the vehicle
based on a surroundings-oi-vehicle image acquired by the
omnidirectional camera umt. Herein, the surroundings-oi-
vehicle 1mage may correspond to one region of an omnidi-
rectional 1image. Alternatively, the vehicle front view 1mage
may be an 1mage acquired by one camera facing forward of

the vehicle among a plurality of cameras 231a, 2315, 231c,

2314, 231e, 231/, 241a, 242a, 2420, 242c, 242d, 242¢, 242f
and 252.
The object may include one of a lane, another vehicle, a
pedestrian, a light, a tratlic sign, a road surface and a
structure.

For example, the object may be another vehicle which 1s
in a lane neighboring the lane of the vehicle 700 and 1is
behind the vehicle 700.

FIG. 23 illustrates an operation of adjusting manipulation
sensitivity to rotation input of the steering wheel based on
information about a vehicle which 1s positioned behind a
user’s vehicle and 1n a lane neighboring the driving lane of
the user’s vehicle, according to an embodiment of the
present mvention.

Retferring to FIG. 23, the processor 170 may receive,
through the interface unit 130, information indicating detec-
tion of a vehicle 2310 which 1s 1n a lane neighboring the lane
of the vehicle 700 and 1s behind the vehicle 700 as object
information.

Upon recerving the information indicating the vehicle
2310, the processor 170 may adjust the manipulation sen-
sitivity to rotation nput of the steering wheel based on the
information indicating the vehicle 2310.

The processor 170 may adjust the manipulation sensitiv-
ity to rotation mnput of the steering wheel such that the
mampulation sensitivity to rotation mput of the steering
wheel 520 corresponding to a direction in which the vehicle
700 faces the vehicle 2310 1s lower than the manipulation
sensitivity to rotation mput of the steering wheel 510 cor-
responding to the direction opposite to the direction 1n which
the vehicle 700 faces the vehicle 2310.

In this case, as the vehicle 2310 approaches the vehicle
700, the processor 170 may gradually lower the manipula-
tion sensitivity to rotation imput of the steering wheel 520
corresponding to the direction in which the vehicle 700 faces
the vehicle 2310 according to the distance between the
vehicle 700 and the vehicle 2310 in the length direction of
the vehicle.

By adjusting the mamipulation sensitivity to rotation input

of the steering wheel when another vehicle traveling 1n a
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lane neighboring the driving lane of the user’s vehicle
approaches from behind the user’s vehicle as described
above, a guide on the steering mput may be provided to
avoid collision between the vehicles.

FIGS. 24 to 26 illustrate an operation of adjusting
manipulation sensitivity to rotation mput of the steering
wheel based on dniver status information according to an
embodiment of the present invention.

Referring to FIG. 24, the processor 170 may receive
driver status information from the DSM system 260 through
the interface unit 130. The driver status information may
include drowsy state information about the driver, physical
condition information about the driver, excited state infor-
mation about the driver or device manipulation state infor-
mation about the dniver.

Referring to FIGS. 25 and 26, the processor 170 may
adjust the mampulation sensitivity to iput of the steering
wheel based on the driver status information.

If the drowsy state information about the driver 1s
received as the driver status information, the processor 170
may adjust the manipulation sensitivity to rotation input of
the steering wheel 510, 520 such that the manipulation
sensitivity becomes lower than when the drowsy state infor-
mation about the driver 1s not recerved. Thereby, umintended
steering mput may be prevented from being provided.

If physical condition information indicating that the bio-
rhythm of the driver 1s unstable 1s received as the driver
status 1nformation, the processor 170 may adjust the
manipulation sensitivity to rotation input of the steering
wheel 510, 520 such that the manipulation sensitivity
becomes higher than when the physical condition informa-
tion about the driver 1s not received. Thereby, the driver may
casily manipulate the steering wheel when the driver 1s not
in good physical condition.

When excited state information about the driver 1is
received as the driver status information, the processor 170
may adjust the manipulation sensitivity to rotation input of
the steering wheel 510, 520 such that the manipulation
sensitivity becomes lower than when the steady-state infor-
mation about the driver 1s not received. Thereby, the driver
may be prevented from making a mistake in driving the
vehicle when the driver 1s excited.

The physical condition information and excited state
information about the driver may be acquired through an
analysis 2540 of biometric signals of the dniver acquired
through a PPG sensor in the DSM system 260. The PPG
sensor 2530 may be disposed in one region of the steering
wheel. The PPG sensor 2530 may acquire a biometric signal
of the driver by contacting one part 2520 (e.g., a hand) of the
body of the driver.

If driver information indicating a device manipulating
state 2610 1s received as the driver status information, the
processor 170 may adjust the manipulation sensitivity to
rotation 1put of the steering wheel 510, 520 such that the
manipulation sensitivity becomes lower than when the infor-
mation indicating the device mampulating state 2610 1s not
received. Thereby, as the manipulation sensitivity to rotation
input of the steering wheel 1s kept low when the dniver
manipulates a device, driving safety may be enhanced.

FIG. 27 1illustrates an operation of outputting manipula-
tion sensitivity information through an output unit according,
to an embodiment of the present invention.

Referring to FIG. 27, the processor 170 may display
manipulation sensitivity information about a steering wheel
rotation input through a display included 1n the output unit
155. Herein, the manipulation sensitivity information may
include manipulation sensitivity status or manipulation sen-
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sitivity change information. The display may be disposed 1n
one region of the center fascia, dashboard, cluster, steering
wheel or windshield. The display may be configured as a
head up display (HUD) or a transparent display. The display
may be itegrated with the display apparatus 400.

When the manipulation sensitivity to steering wheel rota-
tion 1nputs 1s divided nto a plurality of levels, the processor
170 may display, through the display, information 2711,
2712, 2713 indicating a level for the manipulation sensitiv-
ity status of a steering wheel rotation mnput among the levels.

For example, the processor 170 may display an image
corresponding to the manipulation sensitivity status. The
processor 170 may match the levels of manipulation sensi-
tivity with colors. The processor 170 may display an image
corresponding to the steering wheel, using a color corre-
sponding to the manipulation sensitivity status.

When the manipulation sensitivity of the steering wheel 1s
adjusted such that the manipulation sensitivity to a first-
direction rotation 1nput 1s different from that to a second-
direction rotation input, the processor 170 may display
mampulation sensitivity status information 2721, 2722,
2723, 2731, 2732, 2733, 2734 about the first-direction
rotation mput and second-direction rotation input of the
steering wheel through the display.

For example, the processor 170 may display a first region
of the steering wheel 1mage 1n a first color corresponding to
the manipulation sensitivity to the first-direction rotation
input and display a second region of the steering wheel
image 1n a second color corresponding to the manipulation
sensitivity to the second-direction rotation nput.

When the manipulation sensitivity of the steering wheel
changes, the processor 170 may display manipulation sen-
sitivity change information through the display.

For example, the processor 170 may change the color of
the steering wheel 1image corresponding to a manipulation
sensitivity to indicate the manipulation sensitivity change
information.

The display operation described above may allow the user
to easily recognize the status or change of the manipulation
sensitivity of the steering wheel and guide the user to
properly respond to the status or change of the manipulation
sensitivity of the steering wheel.

FIGS. 28 to 29B 1illustrate an operation of outputting a
mamipulation sensitivity through a manipulation sensitivity
output unit according to an embodiment of the present
invention.

Referring to FIG. 28, the processor 170 may control the
mampulation sensitivity output unit 150. The manipulation
sensitivity output unit 150 may be disposed 1n one region of
the steering wheel rim.

The processor 170 may display manipulation sensitivity
information about steering wheel rotation inputs through the
mampulation sensitivity output unit 150. Herein, the
mamipulation sensitivity information may include manipu-
lation sensitivity status information or manipulation sensi-
tivity change information.

When the manipulation sensitivity to steering wheel rota-
tion 1nputs 1s divided into a plurality of levels, the processor
170 may display, through the manipulation sensitivity output
unit 150, information 2810 indicating a level for the manipu-
lation sensitivity status of a steering wheel rotation 1nput
among the levels.

The manipulation sensitivity output unit 150 may include
at least one light emitter. The processor 170 may match may
match the levels of manipulation sensitivity with colors. The
processor 170 may control the light emitter to emit light of
a color corresponding to the manipulation sensitivity.
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Referring to FIGS. 29A and 29B, when the manipulation
sensitivity of the steering wheel 1s adjusted such that the
manipulation sensitivity to a first-direction rotation input 1s
different from the mamnipulation sensitivity to a second-
direction rotation input, the processor 170 may display the
statuses of manipulation sensitivity of the steering wheel to
the first-direction rotation input and the second-direction
rotation mput through the display.

The manipulation sensitivity output unit 150 may include
a first manipulation sensitivity output unit and a second
manipulation sensitivity output unit. The first manipulation
sensitivity output umit may be disposed on the left side of the
steering wheel rim. The second manipulation sensitivity
output unit may be disposed on the right side of the steering
wheel rm.

As 1llustrated 1n FIG. 29A, when information indicating a
predetermined event 1s received, and thus the manipulation
sensitivity to the first-direction rotation mput of the steering
wheel 1s lowered or increased from the level betfore the
event, the processor 170 may output manipulation sensitiv-
ity information 2910 through the first manipulation sensi-
tivity output unit. Herein, the manipulation sensitivity infor-
mation may include manipulation sensitivity status
information or manipulation sensitivity change information.

For example, the processor 170 may control a light
emitter included 1n the first manipulation sensitivity output
unit to emit light.

As 1llustrated 1n FI1G. 29B, when information indicating a
predetermined event 1s received, and thus the manipulation
sensitivity to the second-direction rotation mnput of the
steering wheel 1s lowered or increased from the level before
the event, the processor 170 may output manipulation sen-
sitivity information 2920 through the second mampulation
sensitivity output unit. Herein, the manipulation sensitivity
information may include manipulation sensitivity status
information or manipulation sensitivity change information.

For example, the processor 170 may control a light
emitter included in the second manipulation sensitivity
output unit to emit light.

As 1s apparent from the above description, the present
invention has one or more of the following eflects.

First, manipulation sensitivity of a steering wheel to a
rotation mput may be adjusted based on objects such that the
user 1s alerted.

Second, providing a proper steering input may be enabled.
Thereby, traflic accidents may be prevented.

Third, manipulation sensitivity of a steering wheel to a
rotation 1nput may be properly adjusted according to char-
acteristics of each object. Thereby, the driver may be guided
to provide steering inputs corresponding to various situa-
tions encountered during driving.

Effects of the present mvention are not limited to the
aforementioned eflects, and other eflects of the present
invention which are not mentioned above will become
apparent to those having ordinary skill in the art from the
claims.

The present invention described above may be imple-
mented as computer-readable code on a medium on which a
program 1s recorded. The computer-readable medium
includes all kinds of recording devices 1n which data read-
able by a computer system can be stored. Examples of the

computer-readable medium include a hard disk drive
(HDD), solid state disk (SSD), silicon disk drive (SDD),

ROM, RAM, CD-ROM, magnetic tape, tloppy disk, and
optical data storage. Alternatively, the invention may be
implemented 1n the form of a carrier wave (e.g., transmis-
sion over the Internet). In addition, the computer may
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include the processor 170 or the controller 770. Although the
preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art
will appreciate that various modifications, additions and
substitutions are possible, without departing from the scope
and spirit of the mnvention as disclosed 1n the accompanying
claims.
What 1s claimed 1s:
1. A steering 1mnput apparatus comprising:
a power provision unit configured to provide power to a
rotation mput through a steering wheel;
an interface configured to receive mformation; and
a processor configured to adjust a manipulation sensitivity
to the rotation mput of the steering wheel by controlling
the power provision unit based on the information,
wherein the processor 1s further configured to:
divide the manipulation sensitivity to the rotation input of
the steering wheel into a plurality of levels according to
object information for a detected object received by the
interface, to adjust the manipulation sensitivity, and
adjust the manipulation sensitivity to the rotation mput of
the steering wheel by dividing the manipulation sensi-
tivity into a plurality of different levels according to the
type of the detected object, and
wherein the processor 1s further configured to:
adjust the manipulation sensitivity to the rotation input of
the steering wheel to one of the plurality of difierent
levels according to an expected weight or expected size
of the detected object, and
adjust, as the expected weight or the expected size of the
detected object increases, the manipulation sensitivity
to the rotation mput of the steering wheel to a level
indicating a lower manipulation sensitivity,
wherein the interface 1s further configured to receive,
from a camera module for acquiring a front view 1image
of a vehicle, object information indicating an object
detected 1n the front view 1mage,
wherein the processor 1s further configured to adjust the
mampulation sensitivity to the rotation mput of the
steering wheel based on the object information,
wherein the interface 1s further configured to receive
travel speed information about the vehicle,
wherein the object information 1s information indicating a
driving lane 1n front of the vehicle,
wherein the processor 1s further configured to adjust the
mampulation sensitivity to the rotation mput of the
steering wheel based on the driving lane information
and the travel speed information,
wherein the processor 1s further configured to adjust the
mampulation sensitivity to the rotation mput of the
steering wheel according to a curvature of the driving
lane when the driving lane 1s a curved lane,
wherein the interface 1s further configured to receive
position information about the vehicle,
wherein the processor 1s further configured to adjust the
manmipulation sensitivity to the rotation mmput of the
steering wheel when understeer occurs during travel of
the vehicle 1n the curved lane such that a manipulation
sensitivity to a rotation input of the steering wheel
corresponding to a direction of occurrence of the under-
steer 1s lower than a manipulation sensitivity to a
rotation mnput of the steering wheel corresponding to a
direction opposite to the direction of occurrence of the
oversieer,
wherein the object information comprises location infor-
mation about a large vehicle, a median strip, a median
barrier, a guardrail, a street tree or a streetlight,
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wherein the processor 1s further configured to adjust the
manmipulation sensitivity to the rotation mput of the
steering wheel such that a manipulation sensitivity to a
rotation input of the steering wheel corresponding to a
direction 1n which the vehicle faces the object 1s lower
than a manipulation sensitivity to a rotation input of the
steering wheel corresponding to a direction opposite to
the direction 1n which the vehicle faces the object, and

wherein the processor 1s further configured to gradually
lower mamipulation sensitivity to a rotation mput of the
steering wheel corresponding to a direction in which
the wvehicle faces the object when the vehicle
approaches the object.

2. The steering input apparatus according to claim 1,
wherein the processor 1s configured to adjust the manipula-
tion sensitivity to the rotation input of the steering wheel
such that a manipulation sensitivity to a first-direction
rotation 1put of the steering wheel 1s different from a
manipulation sensitivity to a second-direction rotation input
of the steering wheel.

3. The steering input apparatus according to claim 2,
wherein the processor 1s configured to adjust the manipula-
tion sensitivity to the rotation input of the steering wheel
such that the manipulation sensitivity to the second-direction
rotation mput of the steering wheel 1s lower than the
manipulation sensitivity to the first-direction rotation input
of the steering wheel.

4. The steering input apparatus according to claim 3,
wherein the processor 1s configured to adjust the manipula-
tion sensitivity to the rotation input of the steering wheel
such that when the second-direction rotation mput 1s
received with the steering wheel rotated by a first rotational
displacement 1n a first direction, the manipulation sensitivity
to the second-direction rotation input 1s lower than the
manipulation sensitivity to the first-direction rotation input
with respect to the first rotational displacement.

5. The steering input apparatus according to claim 1,
wherein the processor 1s configured to gradually lower the
manipulation sensitivity to the rotation mput of the steering
wheel when a rotational displacement of the steering wheel
increases according to the rotation mput of the steering
wheel.

6. The steering 1nput apparatus according to claim 1,
wherein the processor 1s configured to control the power
provision unit to rotate the steering wheel by a predeter-
mined displacement 1n a second direction when a first-
direction rotational displacement 1s greater than or equal to
a reference value.

7. The steering input apparatus according to claim 1,
wherein the power provision unit comprises a hydraulic
power provision apparatus, an electrohydraulic power pro-
vision apparatus or a motor-driven power provision appa-
ratus.

8. The steering input apparatus according to claim 1,
wherein the processor 1s configured to adjust the manipula-
tion sensitivity to the rotation input of the steering wheel
according to the travel speed information when the driving
lane 1s a straight lane, and the travel speed information is
higher than or equal to a reference speed.

9. The steering mput apparatus according to claim 1,

wherein the processor 1s configured to adjust the manipu-

lation sensitivity to the rotation mmput of the steering
wheel when oversteer occurs during travel of the
vehicle in the curved lane such that a manipulation
sensitivity to a rotation mput of the steering wheel
corresponding to a direction of occurrence of the over-
steer 15 lower than a manipulation sensitivity to a
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rotation input of the steering wheel corresponding to a
direction opposite to the direction of occurrence of the
oversteer.

10. The steering input apparatus according to claim 1,
wherein the interface 1s configured to receive mmformation
indicating a strong wind section of a road, and

wherein the processor 1s configured to adjust the manipu-

lation sensitivity to the rotation mnput of the steering
wheel when the vehicle travels in the strong wind
section such that the manipulation sensitivity to the
rotation 1nput of the steering wheel 1s lower than when
the vehicle travels on a section of the road other than
the strong wind section.

11. The steering nput apparatus according to claim 10,
wherein the interface 1s configured to receive mmformation
indicating a wind direction, and

wherein the processor 1s configured to adjust the manipu-

lation sensitivity to the rotation mput of the steering
wheel such that a manipulation sensitivity to a rotation
input of the steering wheel corresponding to a direction
in which the vehicle faces wind 1s lower than a manipu-
lation sensitivity to a rotation input of the steering
wheel corresponding to a direction opposite to the
direction 1n which the vehicle faces the wind.

12. The steering input apparatus according to claim 1,
wherein the object information comprises imnformation indi-
cating light infiltrating the vehicle, a pothole located 1n a

driving lane, a slippery section, or a construction section,
and

wherein the processor 1s configured to adjust the manipu-

lation sensitivity to the rotation mput of the steering
wheel when the object information 1s recerved such that
the manipulation sensitivity 1s lower than when the
object information 1s not received.

13. The steering input apparatus according to claim 12,
wherein the processor 1s configured to gradually lower the
mampulation sensitivity to the rotation mnput of the steering
wheel when the vehicle approaches the object.

14. The steering input apparatus according to claim 1,
wherein the processor 1s configured to adjust the manipula-
tion sensitivity to the rotation input of the steering wheel
according to a number of detected vehicles.

15. The steering input apparatus according to claim 1,
wherein the interface 1s configured to receive lane change
information, and

wherein the processor 1s configured to adjust the manipu-

lation sensitivity to the rotation mput of the steering
wheel according to the lane change information such
that a manipulation sensitivity to a rotation mput of the
steering wheel corresponding to a direction of a guide
on a lane change 1s higher than a manipulation sensi-
tivity to a rotation input corresponding to a direction
opposite to the direction of the guide on the lane
change.

16. The steering input apparatus according to claim 1,
wherein the interface 1s configured to receive, from a camera
module for acquiring a surroundings image ol a vehicle,
object 1mformation indicating an object detected in the
surroundings image, and

wherein the processor 1s configured to adjust the manipu-

lation sensitivity to the rotation mput of the steering
wheel based on the object information.

17. The steering input apparatus according to claim 16,
wherein the object information 1s information indicating an
other vehicle located 1n a lane neighboring a driving lane of
the vehicle and behind the vehicle, and
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wherein the processor 1s configured to adjust the manipu-
lation sensitivity to the rotation mmput of the steering

wheel such that a manipulation sensitivity to a rotation
input of the steering wheel corresponding to a direction
in which the vehicle faces the other vehicle 1s lower
than a manipulation sensitivity to a rotation input of the
steering wheel corresponding to a direction opposite to
the direction in which the vehicle faces the other
vehicle.

18. The steering input apparatus according to claim 1,
wherein the interface 1s configured to receive driver status
information, and

wherein the processor 1s configured to adjust the manipu-
lation sensitivity to a rotation input of the steering
wheel based on the driver status information.

19. The steering input apparatus according to claim 1,
turther comprising a manipulation sensitivity output unit,
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wherein the processor 1s configured to output information
about the manipulation sensitivity to a rotation mput of
the steering wheel through the manipulation sensitivity
output unit.

20. The steering mput apparatus according to claim 1,
further comprising a grip position sensor configured to sense
a grip position on a rim of the steering wheel,

wherein the processor 1s configured to adjust the manipu-

lation sensitivity to a rotation input of the steering
wheel according to the grip position.

21. The steering mput apparatus according to claim 1,
turther comprising a grip pressure sensor configured to sense
a grip pressure on a rim of the steering wheel,

wherein the processor 1s configured to adjust the manipu-

lation sensitivity to a rotation input of the steering
wheel according to the grip pressure.

22. A vehicle comprising the steering input apparatus
according to claim 1.
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